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PREFACE. 


Only  in  a  very  figurative  sense  can  this  book  be  said  to  be  a  **  revised 
edition"  of  the  little  volume  under  the  same  title  which  the  writer  pub- 
lished ten  years  ago.  The  substance  of  the  old  book  remains  unchanged, 
so  far  as  it  went,  but  every  page  and  sentence  has  been  rewritten,  except 
the  dedication.  The  most  important  change  in  the  nature  of  an  addition 
is  the  much  greater  attention  given  to  traffic  and  revenue  questions, 
which  are  particularly  likely  to  be  underrated  or  forgotten.  The  mechan- 
ics of  curve  resistance  have  been  discussed,  it  is  hoped,  more  adequately 
than  heretofore,  and  on  a  more  solid  basis  of  experimental  fact,  with  some 
important  practical  questions  which  depend  thereon.  The  theory  of  the 
effect  of  variations  in  velocity  on  the  motion  of  trains  is  an  entirely  new 
addition,  supplying  one  of  the  most  important  omissions  of  the  former 
edition  and  of  other  engineering  text-books.  The  theory  of  various  de- 
tails of  the  locomotive,  which  did  not  seem  to  have  been  elsewhere  ade- 
quately discussed  for  the  purposes  of  this  volume,  has  been  given,  it  is 
hoped,  more  fully  and  correctly  than  heretofore.  Parts  IV.  and  V.  arc 
entirely  new. 

On  the  other  hand,  the  new  edition  has  been  abbreviated  by  omitting 
the  discussions,  some  thirty  in  all,  where  reasons  why  the  writer  felt  com- 
pelled to  differ  from  some  previously  published  conclusions  or  estimates 
were  given  in  detail.  This  seemed  necessary  ten  years  ago,  but  at 
present  it  appeared  as  if  the  space  might  be  better  used. 

The  number  of  engravings  has  been  increased  from  half  a  dozen  to 
313.  the  number  of  pages  from  216  to  950,  and  the  number  of  tables  from 
44  to  204.  All  of  the  tables,  with  a  few  exceptions  noted  in  connection 
with  each,  are  original  computations  of  the  writer  or  compilations  from 
original  sources  of  information.  As  practically  all  the  work  of  prepar- 
ing them,  and  of  rewriting  the  text,  has  been  done  outside  of  those  hours 
which  are  ordinarily  and  more  rationally  regarded  as  working  hours,  a 
long  delay  in  republication  has  been  unavoidable  ;  but  if  there  be  truth 
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enough  in  the  old  antithesis  of  "  easy  writing  "  and  "  curst  hard  reading  " 
to  hold  good  when  twisted  wrong  end  to,  there  should  be  some  com- 
pensation in  store  for  any  reader  who  may  have  chanced  to  be  annoyed 
by  the  delay. 

In  order  to  adapt  the  volume  to  the  more  convenient  use  of  all  classes 
of  readers,  three  sizes  of  type  have  been  used: 

Long  Primer  type  is  used  for  those  parts  of  the  volume 
which  were  deemed  most  likely  to  be  such  as  every  interested 
reader  would  wish  to  read,  including  those  who  desire  only  to 
ascertain  the  more  important  conclusions,  free  from  technicali- 
ties. 

Bourgeois  type  is  used  for  discussions  which  relate  more  to  the  details 
of  the  subject  than  to  principles,  and  hence  may  be  passed  over  by  those 
who  are  not  engineers,  or  who  are  ready  to  take  the  reasons  for  what  is 
printed  in  larger  type  for  granted.  Nevertheless,  much  of  the  matter 
which  is  printed  in  this  smaller  type,  as  for  instance  the  long  chapter  on 
the  locomotive  engine  and  the  whole  of  Part  V.,  is  among  the  most  im- 
portant in  the  book  for  the  professional  engineer. 

Brevier  type  is  used  for  minor  notes  and  comments  which  it  seemed  essen- 
tial or  desirable  to  give,  as  of  much  possible  importance  to  those  wishing  to  look 
into  the  subject,  or  some  particular  branch  thereof,  with  still  greater  care,  but 
which  might  otherwise  be  passed  over. 

The  mathematical  form  of  discussion  has  been  intentionally  avoided, 
first,  because  the  book  has  been  written  for  practical  men  as  well  as  for 
students,  and  mathematical  methods  are  apt  to  repel  them;  and  secondly 
and  chiefly,  because  mathematical  methods  of  solution  are  not  only  inex- 
pedient, but  positively  dangerous  for  the  class  of  problems  considered. 
When  the  difl&culty  of  a  problem  lies  only  in  finding  out  what  follows  from 
certain  fixed  premises,  mathematical  methods  furnish  invaluable  wings 
for  flying  over  intermediate  obstructions;  but  whenever  the  chief  diffi- 
culty of  a  problem  lies  in  the  multiplicity  and  dubiousness  of  the  prem- 
ises themselves,  and  in  reconciling  them  with  each  other,  there  is  no 
safe  course  but  to  remain  continuously  on  the  solid  ground  of  «on- 
crete  fact.  The  invidious  but  simple  task  of  proving  this  by  instances 
the  writer  will  not  attempt. 

To  fully  set  forth  in  any  one  volume  these  premises  for  the  correct 
laying  out  of  railways,  which  include  almost  everything  connected  with 
their  construction,  operation,  and  finances,  and  vary  in  each  case,  would 
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be  impossible.  The  purpose  in  view  has  been  merely  to  give  between 
the  covers  of  one  book  whatever  was  necessary  for  some  approach  to  a 
correct  solution  of  every  probable  problem,  which  could  not  be  found 
in  other  publications.  This  necessarily  led  to  a  large  book,  since  this 
work  still  remains  the  only  one  on  its  subject  in  the  language.  Sev- 
eral of  a  somewhat  similar  nature  have  appeared  in  French  and  German 
since  the  first  edition  of  this  work  was  published,  but  from  difference  of 
operating  conditions,  and  their  profuse  use  of  mathematics,  the  resem- 
blance is  not  dose. 

The  word  "  ton  "  in  this  volume  means  2000  lbs.,  unless  otherwise  ex- 
plicitly stated. 

The  term  "velocity-head"  has  been  borrowed  from  hydraulics  to 
designate  a  somewhat  different  thing,  which  heretofore  has  had  no  name 
at  all.  The  "  velodty-head  "  of  hydraulics  and  of  this  voliune  are  closely 
related  but  not  identical,  and  should  not  be  confused. 

Grades  have  been  designated  for  the  most  part  by  their  rate  per  cent 
and  not  by  their  rate  per  mile,  in  accordance  with  an  increasing  custom 
which  may  well  become  universal,  as  the  more  rational.  The  approxi- 
mate rate  per  mile  is  given  at  once  by  multiplying  the  per  cent  by  50 

(52.8). 

Owing  to  the  great  number  of  tables,  and  the  probability  that  others 
might  be  added  in  future  editions,  it  was  impossible  to  even  attempt  to 
refer  in  the  text  to  all  those  which  contained  a  given  class  of  information. 
To  insure  doing  this  reference  must  be  had  to  the  Index,  which  it  has 
been  endeavored  to  make  very  complete. 

Most  of  the  computations  of  percentages,  costs  per  mile,  and  the  like, 
in  this  volume,  were  made  with  a  slide-rule — an  instrument  too  little 
known  and  used  by  engineers.  Hence  many  errors  of  i  or  2  in  the 
third  digit,  or  of  one  or  two  tenths  of  one  per  cent,  probably  exist,  but, 
it  is  hoped,  few  of  a  more  serious  nature.  The  admirable  computing 
irstnmient  of  Mr.  Edwin  Thacher,  which  would  have  insured  greater 
accuracy  with  but  little  more  trouble,  was  secured  by  the  writer  too  late 
to  be  of  much  service. 

The  author  will  be  at  all  times  pleased  to  receive  corrections  of  typo- 
graphical or  other  errors,  or  supposed  errors,  extensions  of  any  of  the 
tables,  or  other  similar  matter. 

A.  M.  W. 
Tribune  Building,  New  York,  May,  1887. 
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The  investigation  of  which  this  volume  is  the  fruit  had  its  origin  in 
the  preparation  of  a  few  notes  for  an  anticipated  location,  and  has  since 
gradually  expanded  into  a  single  magazine  article,  a  short  series  of 
papers,  and  at  last  into  a  volume.  Even  the  latter  has  been  expanded 
far  beyond  the  writer's  original  intention  by  the  close  and,  it  is  to  be 
feared,  tedious  attention  to  detail  which  he  found  continually  more 
needful ;  and  it  is  kept  within  its  present  dimensions  only  by  excluding 
considerable  matter  and  superficially  considering  or  neglecting  altogether 
a  number  of  subjects  which  th^  writer  deems  of  real  importance  for  the 
correct  conduct  of  location.  In  the  improbable  event  that  the  sale  of 
this  volume  should  justify  a  thorough  revision  at  some  future  day,  he 
hopes  to  produce  one  more  in  keeping  with  the  professional  interest  and 
importance  of  the  subject,  by  rectifying  the  faults  of  omission  and  com- 
mission which  he  clearly  perceives. 

The  writer  does  not  intend  to  imply,  however,  that  he  has  fallen  into 
unacknowledged  errors  of  fact  or  theory.  All  known  errors  have  been 
frankly  corrected  as  soon  as  discovered.  For  such  others  as  may  prob- 
ably exist  the  writer  can  only  hope  that  they  will  be  regarded  with 
that  leniency  which  an  exploration  of  a  neglected  field  of  labor  may 
fairly  ask.  For  such  the  present  volume  is,  with  all  its  imperfections. 
A  recognition  of  the  value  of  previous  discussions  of  the  same  subjects 
would  be  a  more  welcome  duty;  but  the  writer  deems  it  but  simple 
justice  to  himself  and  his  readers  to  declare  frankly  that,  so  far  as  his 
knowledge  extends  and  he  is  competent  to  judge,  all  of  the  few  existing 
discussions  of  the  various  leading  topics  of  this  volume  are  so  superficial 
or  so  imperfect  in  method  as  to  have  little  or  no  value  as  a  guide  for 
location.  Some  of  them  express  correct  views,  and  some  of  them  will 
sometimes  give  correct  results ;  but  none  of  them  are  trustworthy,  and 
several  of  those  which  are  given  under  distigguished  names  are  incredi- 
bly defective.    The  various  problems  of  location,  in  fact,  have  been  dis- 
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cussed  or  neglected  by  technical  writers  with  an  airy  lightness  which 
would  convince  an  unskilful  reader  that  they  were  either  too  simple,  or 
too  unimportant,  or  too  well  understood,  for  any  careful  analysis.  And 
yet  there  is  no  field  of  professional  labor  in  which  a  limited  amount  of 
modest  incompetency,  at  $150  per  month,  can  set  so  many  picks  and 
shovels  and  locomotives  at  work  to  no  purpose  whatever. 

As  a  natural  consequence  of  this  general  negligence,  all  our  railways 
are  uneconomically  located,  most  of  them  in  respect  to  their  generaj 
route  and  system  of  gradients,  and  all  of  them  in  respect  to  the  mincir 
details  of  alignment,  and  in  many  cases  these  errors  are  shockingly 
evident.  ...  In  the  care  taken  in  this  respect  we  are  not  advancing: 
beyond,  but  rather  falling  below,  the  standard  set  up  forty  years  ago» 
when  the  art  of  designing  railways  started  out  in  this  country  with  such 
brilliant  promise.  The  works  of  Latrobe  and  Jervis  and  Thomson  and 
Whistler  show  a  truly  remarkable  ability,  considering  their  early  day, 
and  bear  the  clearest  marks  of  original  and  self-reliant  thought :  bu*^  ehe 
great  men  of  that  earlier  day  have  no  successors;  for  we  have  done 
nothing  but  copy  them  ill  ever  since,  and  a  copyist  is  not  a  successor. 
We  copy  their  errors,  but  we  do  not  copy  that  admirable  habit  of  per- 
sonal investigation  and  far-sighted  intellectual  courage  which  created 
precedents,  and  has  made  the  work  of  their  hands — in  despite  of  many 
faults — the  high-water  mark  of  American  locating  skill. 
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THE  ECONOMIC  THEORY  OF  THE 
LOCATION  OF  RAILWAYS. 


INTRODUCTION. 

As  the  correct  solution  of  any  problem  depends  primarily  on 
a  true  understanding  of  what  the  problem  really  is,  and  wherein 
lies  its  difficulty,  we  may  profitably  pause  upon  the  threshold  of 
our  subject  to  consider  first,  in  a  more  general  way,  its  real 
nature ;  the  causes  which  impede  sound  practice  ;  the  condi- 
tions on  which  success  or  failure  depends  ;  the  directions  in 
which  error  is  most  to  be  feared.  Thus  we  shall  more  fully  at- 
tain that  great  prerequisite  for  success  in  any  work — a  clear 
mental  perspective,  saving  us  from  confusing  the  obvious  with 
the  important,  and  the  obscure  and  remote  with  the  unim- 
portant. 


It  would  be  well  if  engineering  were  less  generally  thought 
of,  and  even  defined,  as  the  art  of  constructing.  In  a  certain  im- 
portant sense  it  is  rather  the  art  of  not  constructing ;  or,  to  de- 
fine it  rudely  but  not  inaptly,  it  is  the  art  of  doing  that  well 
with  one  dollar,  which  any  bungler  can  do  with  two  after  a 
fashion. 

There  are,  indeed,  certain  great  triumphs  of  engineering 
genius — the  locomotive,  the  truss  bridge,  the  steel  rail — which  so 
rude  a  definition  does  not  cover,  for  the  bungler  cannot  attempt 
them  at  all ;  but  such  are  rather  invention  than  engineering 
proper.  There  is  also  in  some  branches  of  engineering,  as  in 
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bridge-building,  a  certain  other  side  to  it,  not  covered  by  such  a 
definition,  which  consists  in  doing  that  safely,  at  some  cost  or 
other,  which  the  bungler  is  likely  to  try  to  do  and  fail.  He 
therefore,  in  such  branches,  who  is  simply  able  to  design  a  struc- 
ture which  will  not  fall  down,  may  doubtless  in  some  measure 
be  called  an  engineer,  although  certainly  not  one  of  a  very  high 
\ype. 

But  to  such  engineering  as  is  needed  for  laying  out  railways, 
at  least,  the  definition  given  is  literally  applicable,  for  the  eco- 
nomic problem  is  all  there  is  to  it.  The  ill-designed  bridge  breaks 
down  ;  the  ill-designed  dam  gives  way  ;  the  ill-designed  boiler 
explodes  ;  the  badly  built  tunnel  caves  in,  and  the  bungler's 
bungling  is  betrayed.  But  a  little  practice  and  a  little  study  of 
field  geometry  will  enable  any  one  of  ordinary  intelligence, 
without  any  engineering  knowledge  whatever  in  the  larger 
sense,  to  lay  out  a  railway  from  almost  anywhere  to  anywhere, 
which  will  carry  the  locomotive  with  perfect  safety,  and  perhaps 
show  no  obtrusive  defects  under  what  is  too  often  the  only  test — 
inspection  after  construction  from  the  rear  end  of  a  palace-car. 
Thus,  for  such  work,  the  healthful  checks  which  reveal  the 
bungler's  errors  to  the  world  and  to  himself  do  not  exist.  Na- 
ture, unhappily,  has  provided  no  way  for  the  locomotive — like 
Mr.  Jingle's  intelligent  pointer — to  refuse  to  pass  over  an  ill- 
designed  railway  as  it  refuses  to  pass  over  an  ill-designed  bridge. 

Therefore,  since  there  is  no  natural  line  between  safety  and 
danger  to  mark  even  so  rude  a  distinction  as  that  between  the 
utterly  bad  and  the  barely  tolerable,  in  the  kind  of  engineering 
work  we  are  to  study,  one  may  fairly  say  that  the  locating  en- 
gineer has  but  the  one  end  before  him  to  justify  his  existence  as 
such — to  get  the  most  value  for  a  dollar  which  nature  permits  ; 
and  but  one  failure  to  fear — that  he  will  not  do  so.  Except  as 
his  work  necessarily  involves  the  preliminary  design  of  construc- 
tive details,  he  has  no  lives  to  save  or  imperil ;  and  the  young  en- 
gineer cannot  too  early  nor  too  forcibly  have  it  impressed  upon 
his  mind  that  it  takes  no  skill  worth  speaking  of  to  do  such  work 
after  a  fashion,  unless  in  the  comparatively  few  localities  (rare  in- 
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deed  in  the  United  States)  where  to  get  a  reasonable  line  of  any 
kind  is  something  of  a  feat.  His  true  function  and  excuse  for 
being  as  an  engineer,  as  distinguished  from  a  skilled  workman, 
begins  and  ends  in  comprehending  and  striking  a  just  balance 
between  topographical  possibilities,  first  cost,  and  future  reve- 
nue and  operating  expenses. 

While  this,  in  a  certain  sense,  is  peculiar  to  the  branch  of  en- 
gineering we  are  to  study,  yet  a  curiously  close  analogy  may  be 
drawn,  tending  to  show  that  it  is  as  essentially  true  of  all  other 
branches  of  engineering  as  of  this.  For  example,  it  is  beyond 
doubt  that  the  true  reason  for  the  striking  progress  in  bridge- 
building  in  recent  years  has  been,  not  that  men  have  been  driven 
into  excellence  by  "  the  responsibility  of  human  life'*  resting  on 
them  ; — for,  after  the  types  have  once  been  invented,  a  relatively 
low  order  of  engineering  skill  suffices  to  reduce  that  risk  alone 
to  a  minimum.  But  the  impelling  force  has  been  the  keen  com- 
petitive struggle  to  bring  the  first  cost  of  every  bridge  as  low  as 
possible,  and  yet  do  nothing  which  shall  injure  its  permanent 
efficiency  and  compel  it  to  be  speedily  rebuilt ;  nothing,  in  other 
words,  which  shall  increase  the  future  "  maintenance  and  oper- 
ating expenses."  But  whereas  the  '*  operating  expenses"  of  bad 
bridge-engineering  come  in  a  series  of  startling  catastrophes 
which  shock  the  community  and  dismay  the  moneyed  interests 
concerned,  causing  good  work  to  be  appreciated  and  insisted  on, 
and  scaring  off  the  amateurs  and  'prentice  hands  from  **  med- 
dling and  muddling,"  after  the  manner  of  their  kind,  the  operat- 
ing expenses  from  bad  railway  location  come  by  a  gentle  but 
unceasing  ooze  from  every  pore  which  attracts  no  attention, 
albeit  resulting  in  a  loss  vastly  larger  than  any  possible  loss 
from  bad  construction  ;  for  it  requires  some  training  and  experi- 
ence even  to  appreciate  the  loss  as  existing,  and  still  more  of 
both  to  appreciate  it  as  remediable.  In  fact  no  one  can  do  so, 
except  in  the  most  general  way,  without  special  investigation  of 
each  special  case.  Errors  which,  even  if  committed,  are  not 
likely  to  be  discovered,  are  rarely  much  feared,  and  at  last  the 
consciousness  that  there  is  danger  of  error  becomes  dulled. 
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In  these  facts  we  have  plain  reasons  why  average  practice  in 
laying  out  railways  should  inevitably  tend,  as  it  does  tend,  to  be 
and  remain  of  a  low  grade.  It  is  not  difficult,  in  fact,  to  see 
reasons  why  it  can  never  well  be  otherwise,  except  in  degree, 
unless  the  progress  of  science  should  wholly  change  the  nature 
of  the  work  ;  and  a  correct  appreciation  of  how  great  is  this 
danger,  and  why  it  exists,  will  greatly  help  to  save  the  student 
from  it. 

The  permanent  difficulty  lies  in  this  :  High  efficiency  in  any 
art  or  calling  in  which  many  minds  of  no  phenomenal  gifts  are 
engaged  requires  that  every  man's  work  should  be  readily  com- 
parable either  with  a  certain  uniform  standard  or  with  the  work 
of  his  fellows.  In  constructive  engineering  this  is  possible. 
Broadly  speaking,  a  hundred-foot  bridge  is  a  hundred-foot 
bridge,  the  world  over.  It  has  everywhere  to  fulfil  but  two 
primary  conditions  :  It  must  carry  a  certain  nearly  uniform  load 
per  foot,  and  it  must  not  fall  down.  The  same  is  in  substance 
true  of  every  form  of  constructive  engineering.  Every  man's 
practice  therein,  therefore,  is  comparable,  and  is  compared,  with 
the  highest  level  of  practice,  the  world  over.  Those  most  highly 
skilled  are  discovered  and  recognized.  The  moderately  skilled 
perceive  and  correct  their  deficiencies.  The  hopelessly  unskilled 
retire  to  other  pursuits. 

In  laying  out  railway  lines,  and  less  strikingly  in  some  other 
analogous  kinds  of  engineering  work,  this  is  forever  impossible. 
We  cannot  reduce  the  laws  of  topography,  nor  even  of  finance,  to 
equations  and  formulae.  Every  line  is  a  problem  by  itself,  with 
its  own  peculiar  physical  and  commercial  conditions,  so  that  the 
engineer  is  deprived  of  the  aid  to  be  had  by  comparing  with, 
and  copying  the  details  of,  the  practice  of  others.  Under  these 
circumstances,  the  difference  of  conditions  will  be  apt  to  be  hon- 
estly accepted  by  the  reader  who  may  have  sinned  against  good 
practice,  and  by  all  others  concerned,  as  the  reasons  why  an- 
other line,  one  hundred  or  one  thousand  miles  off,  should  have 
cost  so  much  less  and  yet  be  so  much  better  worth  owning  than 
his  own.     He  who  has  done  well,  therefore,  is  cut  off  from  any 
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absolute  knowledge  and  general  recognition  of  that  fact,  aixl 
the  guilty  reader,  who  has  done  ill,  is  cut  off  from  the  still 
greater  gain  which  would  come  to  him  from  a  revelation  of 
where  and  wherein  he  has  done  ill.  In  most  such  cases  each 
will  have  in  some  detail  shown  better  judgment  than  the  other; 
but  from  the  lack  of  imquestionable  evidence  of  this,  each  is 
denied  the  instruction  which  he  might  otherwise  receive  from 
that  fact,  and  so  is  in  great  danger  of  falling  into  the  most  natu- 
ral and  most  human  error,  believing  that  all  that  he  has  done 
is  good,  which  has  not  been  proven  to  be  bad,  and  so  ceasing  to 
make  effort  to  improve  upon  what  is  good  enough  to  pass,  and 
merely  multipljring  errors  with  advancing  experience,  without 
really  advancing  in  knowledge. 

For  these  reasons  the  student  should  begin  with  the  consciousness 
that  the  level  of  average  practice  in  railway  location,  his  own  in- 
cluded, is  by  its  natiu'e  restricted,  not  to  the  sum  of  the  united  abil- 
ities of  all  those  who  are  or  have  been  engaged  in  it,  as  in  constructive 
engineering,  but  to  the  average  individual  level  of  capacity  and 
knowledge.  No  more  is  needed  than  this  imdoubted  fact  to  prove 
to  demonstration  that  average  practice  is  and  must  be,  both  com- 
paratively and  absolutely,  of  a  pretty  low  grade;  and  hence  it  becomes 
every  one  who  may  be  entrusted  with  such  work  to  have  constantly 
before  him  the  fact  that  he  stands  thus  alone,  and  to  scrutinize  with 
the  sternest  skepticism,  the  conclusions  which  he  may  reach,  remem- 
bering that  his  danger  of  grave  errors  of  judgment  is  thereby 
multiplied  manyfold.  As  he  measures  only  by  his  own  knowledge, 
all  the  work  he  does  will  naturally  seem  good  even  if  really  bad. 

To  the  preceding,  which  may  be  called  the  subjective  ob- 
stacles to  good  practice,  must  be  added  another  and  perhaps  a 
greater  one.  Inasmuch  as  no  one  can  even  know  for  himself 
the  absolute  quality  of  his  own  skill  in  this  particular  branch  of 
engineering,  it  is  almost  a  natural  corollary  that  corporations 
should  very  uniformly  decline  to  take  it  for  granted,  by  assum- 
ing that  there  are  any  measurable  differences  in  qualifications  for 
such  work  among  those  who  have  proved  their  competency  in 
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Other  branches  of  engineering.  Hence  it  happens  that  railway 
location  tends  more  and  more  to  be  entrusted  to  those  to  whom 
it  is  a  mere  temporary  incident  in  their  professional  career,  and 
who  consider  the  work  mainly*  from  the  constructive  stand- 
point, without  much  attention  to  those  larger  economic  ques- 
tions which  it  is  the  purpose  of  this  volume  to  discuss,  and  to 
which,  in  well-conducted  work,  the  mere  constructive  details 
should  be  wholly  subordinate.  But  as  the  inexperienced  young 
man  can  only  gauge  the  importance  of  various  work  by  the  at- 
tention which  he  sees  paid  to  it  by  his  superiors,  he  is,  as  it 
were,  pushed  by  others  into  an  error  which  it  is  difficult  for  him 
to  avoid  at  best ;  for  he  will  soon  note  that  the  assumption  and 
practice  of  the  world  is,  that  whoever  is  fit  to  design  the  struc- 
tures of  a  railway  is  thereby  fitted,  without  further  study  or 
preparation,  to  design  the  railway  as  a  whole.  In  fact,  this 
vicious  principle  is  in  very  many  instances  pushed  to  the  ab- 
surd extreme  of  entrusting  engineers  of  inferior  capacity  with 
the  location  of  railways,  and  only  seeking  for  a  higher  grade 
ot  skill  when  the  design  of  the  cheaper  man  is  to  be  embodied 
in  construction.  The  error  in  so  doing  is  the  same  in  kind 
and  in  degree  as  if  it  were  assumed  that  whoever  was  fitted  to 
build  a  house  was  fitted  to  design  one.  The  mental  qualities 
and  special  training  needed  are  much  the  same  in  each  case,  but 
the  two  kinds  of  work  are  distinct,  and  skill  in  one  does  not 
argue  skill  in  the  other. 

Nevertheless,  railways  must  be  built,  and  fortunately  there  is 
a  bright  side  as  well  as  a  dark  side  to  the  picture.  There  is 
indeed  a  pitiable  waste  resulting  from  the  conditions  outlined  : 
such,  to  mention  a  simple  and  readily  comprehended  example,  as 
has  resulted  from  the  location  of  the  entire  railway  system  of 
the  prairie  States  of  the  West, — taking  it  as  a  whole  and  neglect- 
ing the  many  individual  exceptions, — where  the  fatal  ease  with 
which  an  air-line  may  be  run  from  almost  anywhere  to  any- 
where, by  using  heavy  enough  grades,  has  brought  the  average 
train-load  lower  than  in  the  rugged  regions  of  the  East,  and 
caused  perhaps  a  greater  percentage  of  utterly  needless  waste, 
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and  a  more  discreditable  aggregate  of  thoroughly  bad  location, 
than  in  any  other  considerable  region  of  the  world  ;  and  in  view 
of  such  facts,  the  distorted  pre-eminence  given  by  engineers, 
and  by  those  who  teach  them  and  employ  them,  to  the  pettiest 
details  of  how  to  build  the  separate  works  which  make  a  railway, 
to  the  neglect  of  the  larger  questions  of  where  to  build  and 
when  to  build,  and  whether  to  build  them  at  all,  has  in  it  some- 
thing at  once  astounding  and  discouraging.  But  in  a  larger 
view  this  is  in  no  way  surprising.  It  is  but  the  common  result 
of  man's  attempts  at  solving  every  serious  problem  which  does 
not  admit  of  exact  and  positive  solution,  like  a  problem  in 
geometry,  but  contains  such  indeterminate  elements  that  to 
solve  it  perfectly  is  given  only  to  Omniscience.  In  all  such 
cases  mankind  in  general  shirks  the  issue,  or  jumps  at  a  solu- 
tion in  the  rudest  way,  as  is  seen  not  only  in  the  work  of  engi- 
neers, but  in  that  of  farmers  and  legislators  and  merchants, 
physicians  and  builders.  Compared  with  the  dismal  failure 
which  so  many  men  make  in  every  one  of  these  callings,  the 
work  of  engineers  in  laying  out  railways  shines  by  comparison. 
For  after  all,  the  fact,  if  it  be  a  fact, — as  in  a  rude  way  it  is, — 
that  between  waste  in  construction  and  waste  in  operation  and 
waste  from  inaccessibility  to  possible  patrons,  it  takes  about 
twice  as  great  expenditure  of  capital  and  labor  as  it  need  to 
afford  existing  transportation  facilities — this  really  means  no 
more  than  that,  instead  of  realizing  ninety  per  cent  of  the  ad* 
vantages  which  might  be  gotten  from  George  Stephenson's  inven- 
tion, as  is  reasonably  possible,  only  some  seventy-five  or  eighty 
per  cent  is  actually  realized.  The  great  world  declines  to  take 
much  interest  in  such  a^trifling  waste  as  this,  being  accustomed 
to  much  greater  waste  in  many  things,  and  having  something  of 
that  large  indifference  to  waste  which  pervades  all  nature.  Nor 
would  it  be  worth  while  here  to  insist  on  it  for  the  mere  sake  of 
pointing  out  that  it  exists,  but  solely  to  point  out  that,  as  the 
location  of  railways  is  the  one  department  of  engineering  in 
which  waste  on  a  gigantic  scale  is  possible  from  probable  errors 
of  judgment,  and  as  it  is  likewise  the  one  department  of  engi- 
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neering  in  which  no  natural  check  exists  against  such  errors,  it 
is  fitting  that  engineers  should  prepare  themselves  for  it  with 
especial  care,  at  least  to  the  extent  of  acquiring  an  adequate 
conception  of  the  number  and  magnitude  of  the  errors  into 
which  they  may  fall. 

Much  of  the  success  of  any  one  in  any  kind  of  work,  and  especially 
in  work  subject  to  the  peculiar  difficulties  of  that  we  are  considering^ 
tlepends  upon  the  spirit  in  which  it  is  undertaken.  If  it  be  true,  as  it 
unquestionably  is,  that  no  one  ever  attained  great  success  in  any  walk  of 
life — or  certainly  in  no  intellectual  calling — who  found  no  other  nor 
higher  pleasure  in  doing  that  well  which  was  given  him  to  do  than  in 
the  money  or  the  glory  which  he  might  get  from  doing  i^  it  is  certain* 
ly  much  more  true  in  a  calling  where  those  ordinary  stimuli  work  very 
imperfectly  or  not  at  all,  and  in  which  one  is  often  called  upon  to  do  the 
direct  contrary  of  what  will  win  him  credit  from  the  thoughtless  and 
superficial.  The  desire  to  do  goed  work  for  its  own  sake  is  then  the 
only  real  guarantee  that  good  work  will  be  done  ;  for  although  a  kindly 
Providence  has  given  the  latent  power  to  do  bad  work  of  this  kind  to 
every  human  being  with  a  tolerably  observant  eye  and  intelligence 
enough  to  lay  up  bricks,  most  assuredly  the  power  to  do  good  work  will 
not  come  by  nature.  The  author,  therefore,  feels  that  he  need  make  no 
apology  to  those  young  men  who  may  honor  him  by  studying  this 
volume,  for  offering  them  one  page  at  least  of  true  wisdom,  in  the  state- 
ly periods  of  one  of  the  greatest  thinkers  of  our  or  any  age;  which  he 
does  in  the  belief  that  they  will  find  its  study  more  profitable  than  tHat 
of  many  pages  in  this  or  any  other  text-book,  since,  if  they  have  studied 
it  to  some  purpose,  they  are  at  least  assured  the  most  permanently  grati- 
fying of  all  success — the  consciousness  of  having  done  one's  best ; 

*'  I  look  on  that  man  as  happy,  who,  when  there  is  question  ^of  suc^ 
cess,  looks  into  his  work  for  a  reply — not  into  the  market,  not  into 
opinion,  not  into  patronage.  In  every  variety  of  human  employment, 
in  the  mechanical  and  in  the  fine  arts,  in  navigation,  in  farming,  in  legis- 
lating, there  are  among  the  numbers  who  do  their  work  perfunctorily, 
as  we  say,  or  just  to  pass,  and  as  badly  as  they  dare, — there  are  the  work- 
ingmen,  on  whom  the  burden  of  the  business  falls, — those  who  love 
work,  and  love  to  see  it  rightly  done,  who  finish  their  task  for  its  own 
sake ;  and  the  state  and  the  world  is  happy  that  has  the  most  of  such 
finishers.  The  world  will  always  do  justice  at  last  to  such  finishers :  it 
cannot  x>therwise.     He  who  has  acquired  the  ability  may  wait  securely 
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the  occasion  of  making  it  felt  and  appreciated,  and  know  that  it  will  not 
loiter.  Men  talk  as  if  victory  were  something  fortunate.  Work  is  vic- 
tory. Wherever  work  is  done,  victory  is  obtained.  There  is  no  chance, 
and  no  blanks.  You  want  but  one  verdict :  if  you  have  your  own,  you 
are  secure  of  the  rest.  And  yet,  if  witnesses  are  wanted,  witnesses  are 
near.  There  was  never  a  man  born  so  wise  or  good,  but  one  or  more 
companions  came  into  the  world  with  him,  who  delight  in  his  faculty 
and  report  it.  I  cannot  see  without  awe,  that  no  man  thinks  alone,  and 
no  man  acts  alone;  but  the  divine  assessors  who  come  up  with  him  into 
life,  now  under  one  disguise,  now  under  another,  like  a  police  in  citi- 
zens' clothes,  walk  with  him,  step  for  step,  through  the  kingdom  of 
time. 

"  What  is  vulgar,  and  the  essence  of  all  vulgarity,  but  the  avarice  of 
reward  ?  Tis  the  difference  of  artisan  and  artist,  of  talent  and  genius, 
of  sinner  and  saint.  The  man  whose  eyes  are  nailed,  not  on  the  nature 
of  his  act,  but  on  the  wages, — whether  it  be  money,  or  office,  or  fame, — 
is  almost  equally  low."  * 

The  true  moral  to  be  drawn  from  such  glittering  generalities  is  not 
that  if  a  man  does  not  succeed  the  world  is  not  doing  justice  to  him  ; 
for  the  chances  are  a  hundred  to  one  that  it  is  meting  him  out  exact 
and  equal  justice,  and  that  unless  he  wipes  out  that  delusion  from  his 
mind  and  sets  about  correcting  his  deficiencies,  it  will  continue  to  do  so 
in  the  same  way :  nor  is  it  that  a  man  should  neglect  that  reasonable  care 
for  his  own  welfare  which  is  every  man's  duty,  nor  that  he  should  submit 
tCr  .mposition,  nor  continue  very  often,  for  very  long,  to  render  something 
for  nothing :  In  this  utilitarian  age  there  is  little  danger  that  it  will  be 
so  interpreted.  But  the  author  has  seen — or  thinks  he  has  seen — so 
many  young  men  doing  permanent  injury  to  their  own  future  by  letting 
$150  a  month  fill  up  the  whole  arc  of  their  horizon,  that  he  has  seized 
his  chance,  while  he  has  them  foul,  to  inflict  a  little  advice.  He  grants 
it  is  against  the  laws  of  the  game,  and  stops. 

We  will  now  proceed  with  our  legitimate  subject,  and  endeavor  not 
to  depart  from  it. 

*  Ralph  Waldo  Emerson :  "  Essay  on  Worship." 
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'<  Xhe  locatioii  of  a  raflrottd  Is  gWing  it  its  oonstitutioo.    It  wmj  be 
almost  unto  death,  with  acddents  of  construction  and  managi^ 
t,  iMit  with  a  good  constitution  it  will  ultimately  recover." 

— D.  H.  AlMSWORTH. 
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CHAPTER  I. 


THE  INCEPTION  OF  RAILWAY   PROJECTS,  AND  CONDITIONS  GOVERN- 

ING   IT. 

1.  When  a  railway  is  projected,  and  while  its  construction 
is  still  in  doubt,  the  most  important  and  most  doubtful  ques- 
tion of  all  is  one  which  does  not  admit  of  any  general  discussion 
or  analysis  :  Whether  or  not  to  build  the  line  at  all.  The 
decision  of  this  question  is  not  within  the  legitimate  sphere  of 
an  engineer's  duties,  acting  as  such  ;  and  hence  it  should  not  be 
permitted  to  confuse  or  affect  his  mind  during  the  subsequent 
process  of  preparing  the  line  for  construction.  For  the  general 
question  of  whether  or  not  to  build  the  line  at  all  is  one  of 
finance  and  business  judgment  alone,  to  be  settled  by  a  more  or 
less  exact  or  visionary  estimate  of  the  available  capital  for  con- 
struction, the  probable  gross  and  net  receipts,  and  the  resulting 
direct  and  indirect  advantages  to  the  projectors,  with  the  final 
conclusion  that — 

(i)  There  is  (or  is  not)  sufficient  need  of  a  railway  to  give  a 
fair  return  on  the  expenditure  of  a  certain  gross  amount  in  con- 
structing it;  and 

(2)  That  this  gross  amount  can  (or  cannot)  be  raised. 

This  conclusion  is  not  necessarily  expressed  by  a  definite  sum 
in  advance — in  fact  it  is  very  rarely  so  expressed  ;  but  such  a 
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conclusion  is  in  effect  reached,  although  often  in  a  very  vague 
form,  whenever  it  is  decided  to  proceed  with  construction. 

2i  Neither  does  it  follow  that  the  deciding  motive  is  direct 
pecuniary  profit  ;  for  the  line  nray  be  of  great  value  to  the  in 
vestors  and  the  public,  and  yet  never  pay  such  profit.  In  fact, 
the  railway  system  of  the  world,  taken  as  a  whole,  and  especially 
that  of  the  United  States,  has  been  only  very  moderately  profit- 
able in  any  direct  form  ;  owing  not  so  much  to  mistakes  of  judg- 
ment pure  and  simple,  as  to  the  very  large  proportion  of  lines 
which  have  been  built  simply  to  increase  the  value  of  land,  to 
afford  local  transportation  facilities,  to  bring  traflfic  to  the  main 
line,  and  similar  purposes.  Yet  the  resulting  gain  to  the  com- 
munity, from  these  indirect  advantages  alone,  has  been  vast  be- 
yond computation  ;  so  much  so  that,  although  the  lines  on  which 
projectors  have  lost  money  have  been  many,  there  have  been 
few  or  none  which  have  involved  a  positive  loss  to  the  commu- 
nity as  a  whole,  excepting  some  of  those  which  have  merely 
paralleled  other  lines. 

3.  A  certain  number  of  lines,  also,  are  built  for  more  or  less 
illegitimate  and  irregular  purposes:  to  sell  out  to,  or  sometimes, 
one  may  fairly  say,  to  black-mail  other  lines  ;  to  make  profit  on 
the  construction  ;  as  means  of  warfare  against  other  lines  ;  etc., 
etc.  Nevertheless,  even  with  such  irregular  enterprises,  as  cer- 
tainly in  all  other  cases,  the  same  general  law  holds  :  It  is  the 
plain  interest  of  the  constructors,  in  all  cases,  to  obtain  as  good  a 
road  as  they  can  for  the  money,  and  to  build  it  on  business  prin- 
ciples ;  to  spend  what  they  have  to  spend  to  the  very  best  advan- 
tage, and  to  spend  no  more  than  they  are  obliged  to  spend  to 
build  the  line  at  all  in  safe  operating  condition,  unless  the  addi- 
tional expenditure,  and  not  simply  the  expenditure  as  a  whole,  is 
clearly  a  good  investment. 

4i  From  the  point  of  view  of  this  volume,  therefore,  all  rail- 
ways are  legitimate  enterprises,  and  their  construction  is  gov- 
erned by  the  same  general  economic  laws.  These  laws,  vital  to 
the  successful  conduct  and  outcome  of  such  enterprises,  seem- 
ingly very  plain  and  simple,  but  frequently  neglected  or  forgot- 
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ten,  may,  as  respects  the  question  of  whether  to  build  the  line  or 
not,  be  summarized  as  follows  : 

0.  (1)  Railways  are  not  undertaken  unless  they  are  expected 
to  be  profitable,  not  to  the  general  public,  nor  to  other  parties 
in  the  near  or  distant  future,  nor  to  those  who  lend  money  on 
them,  but  to  those  who  at  first  control  the  enterprise.  If  the  means 
in  handle  not  sufficient  for  the  projectors  to  complete  the  road 
for  operation  and  to  control  its  operation  afterwards,  the  result 
to  them  is  usually  complete  loss.  Remembrance  of  this  fact 
becomes  the  more  important  because  the  available  means  (the 
great  bulk  of  which  is  borrowed  money)  are  almost  always  over- 
rated, and  the  demand  upon  them  underrated. 

The  logical  order  of  procedure  in  the  case  of  any  new  enter- 
prise— which  is,  first,  to  determine  whether  or  not  the  project  is 
a  sound  one,  and  to  be  carried  out  ;  and,  secondly,  to  make  the 
necessary  studies  as  to  the  manner  of  carrying  it  out — is  not 
necessarily  followed  in  order  of  time  :  often  it  cannot  be,  for  the 
final  decision  as  to  the  former  often  depends  on  the  results  of 
the  latter,  or  on  unknown  future  events.  Nevertheless,  although  ' 
subsequent  events  may  cause  a  revision  of  such  assumptions, 
the  mere  initiation  of  the  study  of  details  implies  a  pro-forma 
conclusion,  that  the  project  as  a  whole  is  a  wise  one  if  wisely 
carried  out,  and  can  only  fail  by  bad  judgment  in  details.  This 
premise  must  be  from  the  beginning,  therefore,  under  all  circum- 
stances, the  basis  of  the  engineer's  action.     From  this  it  follows  : 

6.  (2)  No  increase  of  expenditure  over  the  unavoidable  mini- 
mum is  expedient  or  justifiable,  however  great  the  probable 
profits  and  value  of  an  enterprise  as  a  whole,  unless  the  increase 
can  with  reasonable  certainty  be  counted  on  to  be,  in  itself,  a 
profitable  investment.     Conversely, 

(3)  No  saving  of  expenditure  is  expedient  or  justifiable,  how- 
ever doubtful  the  future  of  the  enterprise  as  a  whole,  when  it  can 
with  certainty  be  counted  on  that  the  additional  expenditure  at 
least  will,  at  the  cost  for  the  capital  to  make  it,  be  in  itself  a 
paying  investment. 

For  if  the  project  as  a  whole  be  an  unwise  one,  the   projec- 
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of  people  (giving  large  gross  revenue)  at  the  smallest  cost  for 
the  bervice  rendered  (giving  small  operating  expenses).  The 
first  is  distinctively  the  province  of  the  projectors  ;  the  last  is 
distinctively  the  province  of  the  engineer.  Which  is  most  im- 
portant it  would  be  needless  to  inquire,  but  certainly  the  last,  in 
this  sense  at  least,  that,  if  it  be  well  done,  any  errors  in  respect 
to  the  assumed  need  for  a  railway,  although  they  may  be  un- 
fortunate, can  rarely  be  ruinous  ;  while  it  has  again  and  again 
been  proven  that  if  good  judgment  be  not  shown  in  the  details 
of  the  route  and  expenditure,  no  merely  constructive  skill  of  the 
engineer,  nor  excellence  of  judgment  in  selecting  a  locality,  can 
save  the  project  from  disaster. 

10.  All  the  preliminary  questions  of  probable  profit  and  loss 
involved  in  the  decision  to  build  a  line  of  some  kind  over  some 
given  general  route  being  supposed  to  be  finally  settled  and  dis- 
posed of,  and  the  construction  of  the  road  definitely  determined 
on  (if  the  expectations  as  to  cost  of  construction  and  available 
means  are  realized),  the  province  of  the  locating  engineer  and 
the  proper  subject-matter  of  this  volume  begins. 

We  are  now  done  altogether  with  all  considerations  as  to 
whether  the  future  of  the  company  as  a  whole  will  be  prosperous 
or  otherwise,  and  as  to  whether  the  probable  aggregate  profits 
or  cost  of  the  road,  either  per  mile  or  in  gross,  will  be  large  or 
small,  and  it  is  the  duty  of  the  engineer  to  neglect  them  abso- 
lutely  in  laying  out  his  work,  considering  only  the  effect  of  his 
decisions  upon  these  three  items : 

1.  The  difference  in  gross  receipts  which  will  or  may  result 
from  choosing  one  or  another  line. 

2.  The  difference  in  operating  expenses  which  will  or  may 
result  from  choosing  one  or  another  line,  one  or  another  gra- 
dient, one  or  another  limit  of  curvature,  etc. 

3  The  difference  in  annual  interest  charge  which  will  or 
n>ay  result  from  the  differences  in  cost  of  construction  caused 
by  differences  in  the  above  details. 

The  latter  should  be  computed,  of  course,  at  the  rate  or  rates 
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of  interest  which  money  actually  costs  or  will  cost  his  company. 
This  is  supposed  to  be  known  to,  and  remembered  by,  the 
engineer ;  and  is  the  only  fact  connected  with  the  present  condi« 
tion  or  future  prospects  of  the  finances  of  his  company  which 
should  legitimately  influence  his  decisions. 

11.  Not  unfrequently  this  rate  of  interest  cannot  be  consid- 
ered uniform,  but  must  be  assumed  to  increase  very  rapidly 
Nj^ith  the  amount  invested  ;  and  not  unfrequently  the  rate  of 
interest  which  should  properly  be  assumed  will  verge  upon  the 
infinite.  It  is  always  more  likely  to  be  underrated  than  over- 
rated ;  whereas  prudence  requires  that  the  reverse  should  be 
the  case. 

But  however  great  or  small  the  amount  and  cost  of  the  avail- 
able capital,  although  our  decisions  themselves  will  vary,  yet  the 
methods  by  which  these  decisions  are  reached  will  not  vary  ;  for 
even  in  such  an  extreme  case  as  when  the  cost  of  more  capital 
than  is  absolutely  essential  is  infinitely  great,  we  are  simply 
permanently  reduced  to,  and  compelled  never  to  vary  from,  what 
should  be  the  it  priori  basis  for  construction  with  which  the  con- 
struction of  every  line  is  entered  upon, — however  prosperous  the 
company,  however  large  the  probable  traffic  and  profits, — because 
no  more  than  this  is  implied  in  the  mere  decision  to  build  the 
road,  which  is  : 

That  excepting  when  and  as  specific  reasons  to  the  contrary  appear^ 
the  cheapest  line  is  to  be  built  over  which  it  is  physically  possible  to  carry 
the  probable  traffic  with  proper  safety  and  speedy  using  to  this  end  any 
grades  and  curves  and  length  of  line  which  may  be  most  conducive  to  this 
end  only — and  never  abandoning  it  by  increasing  the  expenditure^  unless 
the  investment — not  the  investment  as  a  whole,  for  the  line  as  a 
whole,  but  each  particular  investment  for  each  particular  purpose  at 
each  particular  point — will  be  in  one  way  or  another  profitable  in  itself. 

12.  In  other  words,  reduction  of  first  cost  to  the  lowest  pos- 
sible point  is,  in  logical  or  economic  order,  the  first  considera- 
tion ;  although  therefore  not  by  any  means  either  the  most 
important  or  the  governing  consideration.  That  this  is  so  is 
easily  seen,  however  often  forgotten.    It  is  not  only  business-like 
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common-sense  for  the  investors  and  their  servants,  but  it  is 
sound  political  economy  for  the  community  as  a  whole.  It  does 
not  mean  nor  imply  cheap  and  shabby  construction.  It  simply 
means  an  avoidance  of  waste,  either  in  saving  money  or 
spending  it.  It  simply  means  a  recognition  of  the  fact  that 
every  dollar  and  every  day's  work  which  goes  into  the  ground 
and  does  not  bring  something  out  of  it,  makes  not  only  the  indi- 
vidual but  the  whole  community  the  poorer.  The  welfare  of  all 
mankind,  as  well  as  of  investors  in  the  enterprises  which  employ 
engineers,  depends  upon  the  skill  with  which  the  investment  in 
its  constructive  or  manufacturing  enterprises  (destruction  of 
existing  capital)  is  kept  small,  and  the  productive  or  earning 
power  (creation  of  new  capital)  is  made  large.  The  difference 
between  the  two  is  the  so-called  "profit"  (net  addition  to  exist- 
ing capital),  which  goes  indeed  into  the  control  of  those  who 
created  it  by  perceiving  the  (supposed)  opportunity  or  necessity 
and  using  their  own  means  at  their  own  risk  to  supply  it ;  but  it 
is  not,  therefore,  for  the  true  interest  of  any  person  or  class  to 
make  it  less  by  increasing  the  investment,  for  otherwise  there  is 
a  waste  which,  as  it  benefits  no  one,  indirectly  injures  all.  Not 
even  the  laborer  who  uses  up  a  portion  of  the  wasted  capital  i& 
really  the  gainer;  for  if,  on  the  one  hand,  the  capital  spent  {i.e.y 
destroyed)  for  construction  or  plant  be  needlessly  large,  although 
the  poor  man  gains,  for  the  time  being,  wages  which  he  would 
not  otherwise  receive  from  that  particular  enterprise,  yet  it  is  as 
if  he  were  paid  wages  to  turn  a  crank  which  ground  no  grist — 
his  time  and  his  work  go  for  naught.  If  he  spend  half  his  time 
in  this  way  he  must,  in  the  long-run,  do  two  days*  work  for  the 
wages  of  one — a  condition  which  is  nearer  to  existing  in  railway 
enterprises  than  is  always  realized  or  admitted. 

Comparison  of  the  condition  of  laborers  in  countries  and  ages  where  human 
labor  is  economized  (reduced  to  a  minimum  for  each  separate  service)  and 
where  it  is  not,  fully  establishes  this  important  economic  truth,  as  to  which 
many  false  notions  prevail. 

Id.  On    the  other   hand,  if   the   proper  margin  of  profit  has 
been  reduced  by  reckless  and   costly  economies,  no  one  gains 
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whole  is  liable  to  be  small :  a  fact  which  should  not  be  per- 
mitted to  exercise  any  influence  whatever,  except  through  its 
reflex  effect  on  the  rate  of  interest  on  capital.  The  most  usual 
and  most  unfortunate  form  which  an  error  of  this  kind  can  take 
is  the  adoption  of  unduly  high  gradients  to  effect  a  really  trifling 
economy.  The  railways  of  the  Western  United  States,  as  al- 
ready noted,  have  suffered  greatly  from  this  cause. 

The  most  experienced  and  cautious  man  cannot  free  himself 
wholly  from  these  two  grave  errors;  the  inexperienced  engineer 
or  projector  should  therefore  be  continually  on  his  guard  against 
them. 

16.  It  has  seemed  essential  thus  to  lay  down  certain  prelimi- 
nary generalities  as  to  what  should  be  the  attitude  of  mind  of 
a  locating  engineer,  because  he  is  often  unconsciously  and  im- 
properly guided  in  his  actions  by  the  mere  bald  feeling  (whether 
justified  or  not  does  not  matter)  that  his  company  is  very  rich  or 
very  poor,  and  that  he  can  spend  or  must  save  accordingly. 
Supposing  him  to  enter  upon  the  work,  therefore,  with  tliat 
most  important  of  all  preliminaries,  a  correct  appreciation  of 
the  proper  basis  for  decisions,  tlie  problem  for  which  he  is  prop- 
erly responsible,  when  selecting  a  route  for  a  railway  whose 
construction  has  been  determined  on,  may  be  again  subdivided 
thus : 

Firsts  and  by  very  much  the  most  important,  is  the  selection 
of  the  general  route  between  the  two  established  termini,  or,  as 
very  often  happens,  the  selection  of  one  or  both  termini  as  well. 

Secondly  comes  the  adaptation  of  the  line  in  detail  to  the 
topographical  conditions  which  exist  along  the  route  selected. 

17.  The  question  of  general  route  is  commonly  settled  by  the 
RECONNAISSANCE,  whicli  for  this  reason  must  be  classed  as  by 
far  the  most  important  duty  of  the  engineer  in  charge,  and  the 
one  for  which  it  is  most  essential  that  he  should  qualify  himself 
properly,  which  he  can  only  do  by  learning  to  estimate  and  give 
due  relative  weight  to  all  those  circumstances  which  have  or 
may  have  a  bearing  upon  the  future  of  the  property,  as  well  as 
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to  judge  of  the  physical  possibilities  of  the  route  in  question. 
Otherwise — if  he  is  qualified  merely  in  the  latter  respect — his 
danger  is  a  double  one:  that  he  will  give  undue  weight  to 
purely  engineering  questions  as  against  commercial  and  pecuni- 
ary advantages  ;  or,  vice  versa^  that  the  desire  to  reach  such  and 
such  a  town  or  make  such  and  such  a  connection  may  work  in- 
jury to  the  property  considered  as  a  whole. 

The  reconnaissance,  in  the  broad  sense  here  given  to  the 
'^erm,  viz.,  the  selection  of  the  entire  route  between  termini,  or 
*ven  in  cases  of  the  termini  themselves,  is  rarely  left  entirely 
to  the  engineer  or  to  any  one  person.  But  by  whomsoever  de- 
cided, there  is  the  same  danger  of  error  from  attaching  undue 
importance  to  some,  at  the  expense  of  other,  governing  con- 
siderations. 

18.  The  art  of  correctly  discerning  in  advance,  by  merely 
ocular  examination,  assisted  only  by  maps  and  a  few  portable 
instruments,  the  physical  possibilities  and  probable  cost  of  a 
projected  or  possible  railway  route,  and  of  making  the  most  ad- 
vantageous selection  from  the  possible  routes  (which  are  always 
numerous)  for  further  instrumental  examination,  is  sometimes 
supposed  and  stated  to  be  a  sort  of  *' natural  gift,"  dependent 
upon  an  "eye  for  country,"  and  to  be  acquired  only  and  exclu- 
sively by  practice. 

As  with  most  popular  impressions,  there  is  a  foundation  ot 
truth  in  this.  Certain  natural  qualifications  and  a  considerable 
amount  of  practice  are  essential.  Nevertheless,  the  acquirement 
of  reasonable  skill  and  competency  for  the  discharge  of  this 
most  responsible  of  all  duties  connected  with  laying  out  a  rail- 
way is  only  to  a  limited  degree  dependent  upon  practice  alone, 
or  increased  by  long  practice,  and  is  hardly  dependent  at  all 
upon  any  peculiar  "  natural  gift,"  other  than  a  natural  gift  for 
close  observation,  and  for  care  in  observing,  collecting,  and  re- 
membering those  facts  which  are  or  may  hereafter  be  important 
— qualities  which  are  apt  to  be  useful  for  other  purposes  as  well. 
Tliere  are  certain  general  rules  and  methods  to  be  observed,  and 
jertain  general  dangers  to  be  avoided,  which  can  be  laid  down 


CHAP,   /.^INCEPTION  OF  RAILWAY  PROJECTS,  23 

almost  as  certainly  as  if  the  art  of  reconnoitring  were  an  exact 
science,  and  which,  if  they  be  mastered  in  advance, — not  simply 
by  reading  them,  but  by  acquiring  a  habit  of  observation  and  of 
applying  them  to  hypothetical  instances, — will  enable  the  young 
engineer  of  very  limited  experience  to  go  into  the  field  better 
guarded  against  error  than  by  long  years  of  field  practice  alone  ; 
for  the  latter,  in  location,  as  in  most  other  matters  which  re- 
quire something  more  than  the  mechanical  application  of 
methods  learned  by  rote,  is  quite  as  apt  to  confirm  erroneous 
opinions  as  to  inculcate  good  ones.  The  first  necessity  is  tu 
form  correct  and  definite  ideas  as  to  what  a  railway  should  be, 
what  kind  of  a  railway  we  are  to  build,  what  are  the  conditions 
which  contribute  most  to  its  prosperity,  and  to  what  extent  they 
so  contribute,  in  order  that  the  reconnoitring  engineer  may  be 
prepared  to  form  on  the  instant  an  approximately  correct  idea, 
i^ot  only  as  to  what  he  can  do,  but  as  to  what  he  ought  to  do,  in 
any  given  case,  and  to  decide  which  of  two  incompatible  ends 
should  be  sacrificed  to  the  other,  and  what  approximate  sum 
represents  the  difference  in  value  between  them.  Otherwise  the 
experienced  and  inexperienced  man  alike  are  in  imminent  dan- 
ger of  failing  even  to  discern  or  consider  what  are  really  the 
most  promising  possibilities — not  from  lack  of  an  "eye for  coun- 
try" or  training  in  the  field,  but  from  wrong  ideas  of  expe- 
diency. 

19.  It  necessarily  results  from  the  preceding  that  the  re- 
connaissance is,  of  all  his  duties,  the  one  which  the  responsible 
engineer  in  charge  should  personally  discharge,  and  never  un- 
der any  circumstances  delegate,  in  part  or  whole,  to  less  expe- 
rienced subordinates,  where  the  final  decision  may  be  seriously 
affected  thereby. 

The  greater  portion  of  this  volume  will   be  devoted  to  the 
presentation  of  data  as  to  the  first  and  most  important  of  the 
duties  connected  with  the  reconnaissance  and  subsequent  sur- 
veys, determining  what  ought  to  be  done  ;   afterwards  con 
sidering  the  comparatively  simple  matter  of  how  to  do  it. 

20.  To  reach  entirely  correct  decisions  as  to  what  ought  to 
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THE   MODERN    RAILWAY    CORPORATION. 

22.  Modern  railway  corporations,  even  the  strongest  of  them, 
have  but  a  narrow  margin  for  mistakes.  It  is  important  that 
we  should  have  that  fact  clearly  before  the  eyes,  and  the  reasons 
why  it  must  be  so,  in  order  that  the  atmosphere  of  wealth  which 
surrounds  the  period  of  construction  may  not  beguile  us  into 
folly. 

The  origin  of  most  modern  railway  corporations  is,  in  its 
economic  aspects,  about  as  follows  :  A  certain  number  of  men 
conclude  that,  for  anyone  of  the  reasons  before  considered, there 
is  sufficient  need  of  a  railway  in  a  certain  region  to  make  it,  when 
completed,  worth  more  than  it  has  cost  to  those  who  have  built 
it,  so  that  a  "  profit,"  or  creation  of  a  greater  value  than  the 
expenditure,  will  accrue  to  them. 

Ordinarily,  this  sanguine  expectation  is  at  least  so  far  justi- 
fied that  the  property  when  completed  is  worth  to  some  one,  in 
one  way  or  another,  all  or  nearly  all  it 'has  cost,  although  there 
may  be  no  great  profits.  In  any  rapidly  growing  country,  like 
the  United  States,  the  general  rule — subject  to  numerous  and 
painful  exceptions — has  been  and  is  that  railway  properties,  like 
other  enterprises  of  the  kind,  tend  to  be  very  productive,  and  to 
eventually  rise  in  value  far  above  their  real  cost,  often  to  many 
times  their  cost. 

23.  For  this  reason  it  has  very  frequently  happened  in  the 
United  States  that  enterprises  have  appeared  to  be  of  so  sound 
a  character  that  they  have  been  almost  immediately  able  to 
borrow  on  mortgage  their  entire  capital  for  construction,  or 
even   a   still  larger  sum,  and    the  original  projectors  and  trViC 
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"owners"  of  the  property  have  not  been  required  to  invest  any- 
thing whatever  in  the  property  themselves  beyond  their  original 
sagacity  in  initiating  the  enterprise — a  quality  which  has  its 
value  in  railway  business,  as  in  most  other  human  affairs.  In 
all  cases  they  can,  if  they  choose,  borrow  on  mortgage  whatever 
sum  they  can  make  capitalists  believe  is  or  will  be  the  minimum 
value  of  the  property.  Usually  they  not  only  choose,  but  are 
compelled  to  do  this. 

24.  The  original  projectors,  who  alone  appear  in  the  manage- 
ment of  the  enterprise,  and  who  alone  constitute  what  is  known 
as  *'  the  Company,"  then  simply  make  good  the  deficiency,  if 
there  is  any  deficiency,  in  the  means  for  construction;  assuming 
what,  in  the  general  opinion,  is  the  whole  risk  of  the  enterprise. 
For  taking  this  risk,  as  well  as  for  their  services  in  initiating  and 
carrying  on  the  enterprise,  they  obtain  nothing  more  than  what 
may  be  called  the  speculative  interest,  viz.,  that  portion  which 
fluctuates  with  and  depends  solely  upon  the  skill  and  good  judg- 
ment with  which  the  property  has  been  originally  planned  and 
is  afterwards  managed;  which  may  be  wiped  out  in  a  moment 
or  may  become  very  valuable. 

25.  This  interest  is  in  modern  times  supposed  to  be  repre- 
sented by  the  stock  or  (in  England)  '*  shares,"  although  the  line 
between  stock  and  bonds  or  mortgage  securities  is  not  always 
sharply  drawn.  The  proportion  which  the  stock  and  bonds 
bear  to  each  other  varies  greatly  in  different  parts  of  the  United 
States  and  of  the  world.  In  regions  where  capital  is  abundant, 
and  there  are  small  chances  of  either  great  loss  or  great  gain, 
those  who  believe  in  the  enterprise  and  would  be  willing  to  lend 
money  on  its  minimum  value  will  prefer  to  own  it  outright,  and 
few  or  no  mortgage  bonds  will  be  issued.  Such  is  the  case  in 
England  and  on  the  Continent.  In  a  country  where  the  future 
is  all  uncertain,  but  where  population  and  traffic  is  advancing, 
literally,  by  leaps  and  bounds,  and  where  the  future  is  so  *'dis- 
<:ounted  "  (as  it  is  all  but  inevitable  that  it  should  be)  that  lines 
rre  built,  not  for  the  traffic  which  exists  but  for  the  traffic  which 
*«>  to  come,  the  opposite  conditions  will  all  but  inevitably  prevail. 
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Valuatiok  YS.X  Hbad  and  Total  Tru«  Valuation  of  bach  State  of  t 
United  States  since  iSjo,  by  Decennial  Periods. 

(AtatracKd  from  Vol.  VII.  ol  lUo  Onaui.    The  Tulusiioni  prccedlat(  iSto  include  ibuei 
pcnoail  propeitT,  » that  much  or  ihe  ippircnt  faMiog  offii  fictfiioui.] 
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95,000  miles  in  the  country,  indicatini:  that  the  average  value  placed  on  it  is  a  little  less 
than  $60,000  per  mile.  This  corresponds  closely  with  the  aggre^te  of  stock  and  bonds 
per  mile  (Table  32),  but  it  represents  value  and  not  cost,  and  the  latter  has  probably  not 
been  over  $35,000  to  $40,000  per  mile  in  cash,  which  would  make  the  actual  cost  of  the 
railways  is  not  over  7^  to  8  per  cent  of  the  national  wealth.  Yet  at  least  three  quarters  of 
the  enormous  aggregate  may  be  said  to  be  the  direct  result  of  railways,  since  without  them 
it  could  never  have  existed.  In  other  words,  every  dollar  of  cash  invested  in  railways  has 
on  an  average  added  $6  to  $8  to  the  national  wealth;  a  fact  which  has  had  much  to  do 
with  the  construction  of  railways  which  were  not  directly  profitable. 

Table  3. 


Railway  Capital  and  Public  Wealth  op  the  World. 

[Reconitructed  and  Revised  from  Mulhairs  '*  Dictionary  of  Statistics.**] 
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Canada 

Australia. 

United  Kingdom 

France 

Germany 

Russia 

Austria 

Italy 

Spain 

Portugal 

Belgium 

Holland 

Denmark 

Sweden  and  Norway. . . 
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50.410 

4.340 
2,880 


34,650 
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45.260 
84.440 

37.830 

28.910 
16,290 

4.350 
5.480 

4.060 
1.960 
6,560 
2.810 
17.250 


312,990 
370,620 


Total 
Railway 
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349 
272 


3.740 
2,400 
2.270 
1.500 
1,286 
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58 
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131 

49 

155 

160 

117 


13.069 
19.470 
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Per 

National 

Mile  of 

Inhabi- 

Wealth. 

Railway. 

tant. 

Millions. 

$ 

% 

% 

55.300 

112 

50.340 

46.700 

83 

3.160 

50.500 

97 

2.900 

203,000 

"7 

42,300 

133.000 

63 

39.200 

102.300 

49 

30.700 

99.500 

19 

19.860 

100.300 

34 

19.000 

94.200 

19 

10.820 

79.600 

24 

7.620 

74.800 

15 

1,648 

109.200 

53 

5.720 

90.300 

34 

5450 

50.000 

24 

1,720 

32,000 

24 

3.580 

97.200 

58 

1.502 

64,600 

10 

3.490 

117,200 

39 

192  600 

84,700 

49 

249,000 

Ratio  of 
Railway 
to  Total 
Capital. 

Per  cent. 

II. 4 

II. I 

9-3 

8.8 
6.1 

7.1 
7-7 
6.5 
4.8 

5.1 
3.3 
5.3 

2.4 

2.8 

4.3 
10.7 

3.3 

6.7 
7.8 


The  above  statistics,  except  population,  are  mostly  for  the  year  1882.  Many  errors  and 
inconsistencies  probably  exist  in  this,  as  in  all  similar  estimates.  No  great  accuracy  is 
possible  in  them. 

According  to  Mulhall  the  wealth  of  Britain  has  more  than  doubled  in  the  past  40  years, 
and  quadrupled  in  70  years.  While  the  indirect  benefits  of  railways  have  been  far  less  in 
Europe  than  in  the  United  States,  it  is  tolerably  certain  that  at  least  40  per  cent  of  the 
f  nsent  wealth  of  Europe  would  not  exist  except  for  them. 
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22i  Modern  railway  corporations,  even  the  strongest  of  them, 
have  but  a  narrow  margin  for  mistakes.  It  is  important  that 
we  should  have  that  fact  clearly  before  the  eyes,  and  the  reasons 
why  it  must  be  so,  in  order  that  the  atmosphere  of  wealth  which 
surrounds  the  period  of  construction  may  not  beguile  us  into 
folly. 

The  origin  of  most  modern  railway  corporations  is,  in  its 
economic  aspects,  about  as  follows  :  A  certain  number  of  men 
conclude  that,  for  anyone  of  the  reasons  before  considered,  there 
is  sufficient  need  of  a  railway  in  a  certain  region  to  make  it,  when 
completed,  worth  more  than  it  has  cost  to  those  who  have  built 
it,  so  that  a  "  profit,"  or  creation  of  a  greater  value  than  the 
expenditure,  will  accrue  to  them. 

Ordinarily,  this  sanguine  expectation  is  at  least  so  far  justi- 
fied that  the  property  when  completed  is  worth  to  some  one,  in 
one  way  or  another,  all  or  nearly  all  it 'has  cost,  although  there 
may  be  no  great  profits.  In  any  rapidly  growing  country,  like 
the  United  States,  the  general  rule — subject  to  numerous  and 
painful  exceptions — has  been  and  is  that  railway  properties,  like 
other  enterprises  of  the  kind,  tend  to  be  very  productive,  and  to 
eventually  rise  in  value  far  above  their  real  cost,  often  to  many 
times  their  cost. 

23.  For  this  reason  it  has  very  frequently  happened  in  the 
United  States  that  enterprises  have  appeared  to  be  of  so  sound 
a  character  that  they  have  been  almost  immediately  able  to 
borrow  on  mortgage  their  entire  capital  for  construction,  or 
even   a   still  larger  sum,  and    the  original  projectors  and  triie 
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"owners"  of  tlie  property  have  not  been  required  to  invest  any- 
thing whatever  in  the  property  themselves  beyond  their  original 
sagacity  in  initiating  the  enterprise — a  quality  which  has  its 
value  in  railway  business,  as  in  most  other  human  affairs.  In 
all  cases  they  can,  if  they  choose,  borrow  on  mortgage  whatever 
sum  they  can  make  capitalists  believe  is  or  will  be  the  minimum 
value  of  the  property.  Usually  they  not  only  choose,  but  are 
compelled  to  do  this. 

24.  The  original  projectors,  who  alone  appear  in  the  manage- 
ment of  the  enterprise,  and  who  alone  constitute  what  is  known 
as  ''the  Company,"  then  simply  make  good  the  deficiency,  if 
there  is  any  deficiency,  in  the  means  for  construction;  assuming 
what,  in  the  general  opinion,  is  the  whole  risk  of  the  enterprise. 
For  taking  this  risk,  as  well  as  for  their  services  in  initiating  and 
carrying  on  the  enterprise,  they  obtain  nothing  more  than  what 
may  be  called  the  speculative  interest,  viz.,  that  portion  which 
fluctuates  with  and  depends  solely  upon  the  skill  and  good  judg- 
ment with  which  the  property  has  been  originally  planned  and 
is  afterwards  managed;  which  may  be  wiped  out  in  a  moment 
or  may  become  very  valuable. 

25.  This  interest  is  in  modern  times  supposed  to  be  repre- 
sented by  the  stock  or  (in  England)  ''shares,"  although  the  line 
between  stock  and  bonds  or  mortgage  securities  is  not  always 
sharply  drawn.  The  proportion  which  the  stock  and  bonds 
bear  to  each  other  varies  greatly  in  different  parts  of  the  United 
States  and  of  the  world.  In  regions  where  capital  is  abundant, 
and  there  are  small  chances  of  either  great  loss  or  great  gain, 
those  who  believe  in  the  enterprise  and  would  be  willing  to  lend 
money  on  its  minimum  value  will  prefer  to  own  it  outright,  and 
few  or  no  mortgage  bonds  will  be  issued.  Such  is  the  case  in 
England  and  on  the  Continent.  In  a  country  where  the  future 
is  all  uncertain,  but  where  population  and  traffic  is  advancing, 
literally,  by  leaps  and  bounds,  and  where  the  future  is  so  "dis- 
counted "  (as  it  is  all  but  inevitable  that  it  should  be)  that  lines 
rre  built,  not  for  the  traffic  which  exists  but  for  the  traffic  which 
6  to  come,  the  opposite  conditions  will  all  but  inevitably  prevail. 


CHAPTER  II 

THE   MODERN    RAILWAY    CORPORATION. 

22i  Modern  railway  corporations,  even  the  strongest  of  them, 
have  but  a  narrow  margin  for  mistakes.  It  is  important  that 
we  should  have  that  fact  clearly  before  the  eyes,  and  the  reasons 
why  it  must  be  so,  in  order  that  the  atmosphere  of  wealth  which 
surrounds  the  period  of  construction  may  not  beguile  us  into 
folly. 

The  origin  of  most  modern  railway  corporations  is,  in  its 
economic  aspects,  about  as  follows  :  A  certain  number  of  men 
conclude  that,  for  anyone  of  the  reasons  before  considered,  there 
is  sufficient  need  of  a  railway  in  a  certain  region  to  make  it,  when 
completed,  worth  more  than  it  has  cost  to  those  who  have  built 
it,  so  that  a  "  profit,"  or  creation  of  a  greater  value  than  the 
expenditure,  will  accrue  to  them. 

Ordinarily,  this  sanguine  expectation  is  at  least  so  far  justi- 
fied that  the  property  when  completed  is  worth  to  some  one,  in 
one  way  or  another,  all  or  nearly  all  it 'has  cost,  although  there 
may  be  no  great  profits.  In  any  rapidly  growing  country,  like 
the  United  States,  the  general  rule — subject  to  numerous  and 
painful  exceptions — has  been  and  is  that  railway  properties,  like 
other  enterprises  of  the  kind,  tend  to  be  very  productive,  and  to 
eventually  rise  in  value  far  above  their  real  cost,  often  to  many 
times  their  cost. 

23.  For  this  reason  it  has  very  frequently  happened  in  the 
United  States  that  enterprises  have  appeared  to  be  of  so  sound 
a  character  that  they  have  been  almost  immediately  able  to 
borrow  on  mortgage  their  entire  capital  for  construction,  or 
even   a  still  larger  sum,  and    the  original  projectors  and  tnie 
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largely  built,  as  they  are  built,  on  bonds  and  faith  and   hope, 
vrith  a  narrow  margin  of  financial  safety. 

27i  It  is  often  claimed  that  the  existence  of  these  conditions 
is  an  evidence  and  result  of  a  greater  national  rashness  in  doing 
business,  but  this  is  true  only  to  a  limited  extent.  The  main 
reason  is  that,  owing  to  the  rapid  development  of  the  United 
States,  the  margin  of  positive  and  certain  value  has  seemed  to 
capitalists  to  be  larger,  and  the  minus  side  of  the  speculative  and 
dubious  element,  the  proper  allowance  for  possible  depreciation, 
has  appeared  to  be  less.  The  same  general  law  obtains,  and 
always  has  obtained,  throughout  the  world,  that  such  properties 
are  always  built  on  borrowed  money  up  to  the  limit  of  what  is 
regarded  as  their  positive  and  certain  minimum  value.  The 
risk  only,  tiie  dubious  margin  which  is  dependent  upon  sagacity, 
skill,  and  good  management,  is  assumed  and  held  by  the  Com- 
pany proper  who  control  and  manage  the  property. 

Thus  it  happens  that  in  America,  and  in  an  increasing  degree 
throughout  the  world,  the  nominal  "  Company,"  which  the  engi- 
neer and  all  other  officers  serve,  and  which  exercises  full  control 
over  the  entire  property  for  the  time  being,  although  in  theorj 
it  is  the  real  owner  of  the  property,  is  not  such  in  fact.  All  il 
really  owns  is  a  contingent  interest  in  the  results  of  its  own 
sagacity  and  skill  in  creating  a  property  which  shall  be  in  fact 
worth  more  than  what  lending  capitalists  consider  its  minimum 
probable  value.  Their  small  payment  for  this  contingent  inter- 
est (if  they  pay  anything  at  all)  is  precisely  equivalent  in  its 
nature,  although  less  objectionable  morally,  to  what  is  called  a 
•'  margin"  on  stocks—  it  is  sufficient  only  to  cover  the  financial 
risk  of  the  enterprise,  or  the  difference  between  the  actual  and 
necessary  cost  and  the  general  estimate  of  the  minimum  value  of 
the  line  when  completed,  which  is  represented  by  various  forms 
of  bonds. 

28.  The  essential  truth  of  this  general  summary  is  not  de- 
creased by  the  fact  that,  to  be  entirely  correct,  it  should  take 
note  of  many  apparent  anomalies  and  exceptions.  Thus  it  not 
infrequently  happens  that  the  issue  of  "  mortgage  bonds,"  and 
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itjt  cash  receiTcd  for  tbca.  2S  ^>9e  £ar  grvaxcr  tliaa  the 
actual  isrmmenu  aod  sr:II  ao?e  frcq::^^tlT  thai  a  lar^  propor- 
Urm  k4  the  fcoods  are  ""  lakta"  (~  coarcj"  tbc  wise  :t  ca.i)  and 
btSid  br  the  ori^aal  iocorp^ratorv  UsoaHr.  :c  sadi  inssaooes; 
the  seoood  or  third  or  fiftcesih  xnon^^ge  boods  are  io  reality 
the  fUcJk^  aod  represeot  the  specula:: re  Estercss  dependent  upon 
naoa^etnest;  which  in  that  case  rcrj  propcr'lj  cooircis  ;hc  prop- 
ertr.  either  is  lav  or  fact.  In  that  case  t».  vben  :be  property 
t%  not  a  proc uctiire  one  and  a  neccssErr  arises  for  more  caoital  tc 
eoable  it  to  hold  its  ovn,  some  new  derice,  "prior  lien  *  bonds 
or  whdt  not,  is  used  to  transfer  the  true  naongage  interest, 
ioToIring  no  risk,  to  new  parties,  in  lieu  oi  those  who  originalij 
held  it,  or  thought  thej  did.  P^r  c^tzfrj,  when  the  property  has 
been  successful,  then  begins  the  process  of  ~  watering."*  so  called, 
i,e^  increasing  the  stock  or  bonds  bj  new  issues  until  their  total 
amount  bears  a  nearer,  or  at  least  more  satisfactory  relation  to 
the  present  ralue  or  productive  capacity  of  the  property,  as  dis- 
tinguished from  its  original  cost.  There  hare  not  been  wanting 
gross  frauds  and  impH>sitions  in  this  practice,  as  is  not  unknovn 
in  other  business  matters  ;  but  in  its  essence  it  is  an  entirely 
legitimate  and  proper  business  transaction,  in  liie  nature  of  a 
capitalization  or  **  salting  down"  of  rea'ized  business  profit^and 
belonging  as  justly  to  the  holders  of  the  property  as  the  corre- 
sponding rise  in  the  value  of  other  real  property.  A  certain 
argument,  whose  force  in  certain  individual  cases  is  universally 
recognized  by  intelligent  men.  can  be  made  against  the  reten- 
tion by  the  individual  of  all  such  "  unearned  i-crement,"  but  in 
the  general  judgment  of  mankind  the  argument  on  the  other 
side  is  immensely  stronger.  The  only  leg:::ma:e  distinction  in 
this  resjyrct  between  railway  property  and  any  other  real  estate 
is  that  the  nature  of  its  origin  as  a  creature  of  the  State  justi- 
fi^s  a  demand  that  its  monopoly  powers  shal*.  no:  be  used  op- 
pressively, to  charge  more  than  a  fair  equiva>n:  for  service,  as 
measured  by  practice  elsewhere  or  on  other  kinds  of  traffic, 
und'-r  similar  circumstances  ;  but  the  jus:  increase  in  value  of  a 
well-located  railway,  which  does  not  abuse  i:s  monopoly  powers 
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to  make  unjust  exactions,  is  fairly  the  property  of  the  owners, 
nowever  large,  unless  and  until  the  public  are  prepared  to  in- 
sure the  investors  a  certain  minimum  return  as  well  as  deny 
them  the  uncertain  maximum. 

It  may  be  added,  that  the  mortgage  or  bonding  process  is 
carried  on  to  a  greater  extent  in  railway  than  other  business, 
limply  because,  unlike  most  other  business  enterprises,  a  certain 


SotTHiBN  Railway  phqh  i8jo  to  iBg;. 

considerable  fraction,  but  only  a  fraction,  of  the  income  of  their 
property  ii  in  the  nature  of  a  monopoly  which  no  conceivjible 
circumstances  ran  destroy. 

39.  The  annual  interest  on  these  various  forms  of  morrgage, 
together  with  fixed  rentals  of  leased  property,  which  are  of  the 
same  nature,  constitute  what  are  known  as  the  fixed  charges, 
by  which  a  large  proportion  of  net    revenue  is  alwiiys  absorbed 


ufAi-.  j/.—7/:£  K:LLr:c  iailwat  coJtr'oJLi riox. 

'':.*:  n.'AX  prosperous  pr''per:i» — rerr  f reqneotlr  seaHr  tbe 
-.-.  'A  :•.,  and  not  un frequently  a  good  deal  more  than  the 
.•:  -,f :!,  ;f  a.i  such  charges  were  paid. 

!j  ^^.olrs  ;fiiii)»rdiaitiy  ftiiiowiog.  ihe  fact  ihat  these  are  ibc 
:--.;u-i  wliicii    actually  exist   is  clearly  brought   oni.  aod  if 
'  virtt  rn'rre  generally  realized  by  engiaeen.  and  bj  railroad 
<-r>.  ;{'-ri*- rally,  (luring  ihe  period  of  consiruciion,  it  cao  hardly 
','iiii"i  that  it  would  lead  to  more  careful  stady  of  the  art  of 
iriiiig  the  utmost  possible  value  from  the  money  expeoded: 
but  there  arc  few  men  who  are 
Dot  elated  and,  as  ii  verc,  in- 
toxicated by  having  their  pock- 
ets full  of  borrowed  moDcy.eren 
when  the    responsibiliiy  is  all 
their  own.and  on  so  small  a  scale 
that    its   length,   breadth,   and 
depth  can  be  readily  grasped. 
When  the  further  danger  is  add- 
ed of  dividing  up  the  responsi- 
bility among  a  dozen  or  more, 
each  of  whom  sees  millions  in 
sight,  which  in  his  eyes  are  ~tlic 
Company's,"  and  not  ihe  Com- 
pany's creditors',  and  a  small 

' ^"'  ■■-•■".  «•'  Ki-iN.i.i,  Rrc-  pari  of  which  will  suffice  for  all 

"•i.  ■•.>!  >mkNi.  isjs  iSBj.     possible  requirementsof  hisde- 

partment,  the  impulse  to  spend 

M  \    lu.U    tu.iv   Will  ln'ciinic   too  great  for  average  human 

'"   '"  "    I- 1      ■..'  tli.ii  till-  cnnrnious  sums  of  borrowed  money 

.i.iiii..'  .  .'iiMni.  luiii  will  create  an  atmosphere  of  wealth 

>  '  •■■!'  Hni',,.\i.lin>T,  which  has  been  the  chief  cause 

I"  I' "ii..ii,-i.  \  ,-r  m.mv  lines.  As  the  engineer  has  the  first 
'"'  "  >'"  *  'Hip'"*  "- fn'ids.  and  at  a  time  when  the  judg- 
"      I   ii"    .,■,■;■■.    111,11  i>  most  likely  to  be  tossing  about  oo 

' ' "   "  !'■  ■  •■!  .1   ■b.i.im"  ;it  its  very  height,  his  dangeris 

'  "I  "  1    > '.    I      .Mi.l    )i.<  oprriiilly   should  realize    that  TBI 
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RULE  witli  new  American  railways  is,  and  must  continue  to  be, 
that  a  very  moderate  percentage  of  difference  in  eitlier  tlie  first 
cost,  or  the  operating  expenses,  or  (above  all)  the  revenue,  means 
to  tlie  original  pri'jectors,  wliom  alone  he  serves  or  knows,  all 
the  difference  between  success  and  failure. 


— DlACKAM  mOWIHC  TUB  FlNAHCIAl,  AND  ItkTTK  ReCOUD  W  THM  CwCACO  4  NoKTH, 

WUTRRH  Railway.  iB/t-itM. 

suiTounded  by  Hjuarei,  give  Ibe  receipts  per  (on-mile 
im  being  Ihose  per  tOD-mile.] 

In  Figs.  I.  3.  and  3  is  shown  graphically  how  very  small  it  Ihe  maripn  ol 
profit  which  makes  (he  difference  between  solvency  and  insolvency  even  in  the 
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soundest  companies.  These  lines  have  not  been  chosen  as  specially  marked 
examples  of  the  ordinary  fluctuations,  but  on  the  contrary  are  naturally  very 
strong  properties — so  good  that  their  stock  has  ranked  for  years  together  among 
the  best  investment  securities.  Yet  out  of  the  millions  which  they  take  in 
yearly  it  will  be  seen  how  small  a  margin  is  left  over  for  distribution  to  the 
stockholders  in  many  years,  and  what  a  heavy  percentage  of  advantage  to  the 
stockholders  results  from  a  very  small  percentage  of  increase  in  the  gross  re- 
ceipts, or  of  decrease  in  the  operating  expenses  or  (in  much  less  degree)  fixed 
charges.  The  gain  of  all  gains  for  a  railway  to  secure  will  be  seen  to  be  addi- 
tional revenue. 

30.  In  fact,  the  situation  is  somewhat  worse  than  if  the  Com- 
pany merely  began  business  with  a  heavily  mortgaged  prop- 
erty owned  in  fee.  The  theory  that  the  Company  is  the  owner 
in  fact,  as  it  is  in  form,  of  the  entire  property,  and  has  simply 
placed  certain  mortgages  upon  it,  is  convenient  and  in  a  sense 
true ;  but  it  more  correctly  corresponds  with  the  real  facts  which 
prevail  in  the  United  States,  and  for  the  most  part  throughout  the 
world,  to  consider  that  the  mortgage  interest  itself  builds  and 
owns  the  real  property,  as  a  man  might  build  a  house  or  factory 
to  rent  to  others,  induced  thereto  by  the  allegations  of  the  man- 
aging Company  that  in  that  case  they  can  and  will  earn  and  pay 
a  fair  or  a  large  rental  on  the  property  from  the  profits  of  the 
business  which  they  propose  to  carry  on  with  the  property  and 
plant  furnished. 

31.  This  is  the  truer  manner  of  looking  at  the  facts,  both  be- 
cause the  "  mortgage"  is  ordinarily  far  in  excess  of  the  mort- 
gaging value  of  the  property  as  property,  closely  approximating 
to  and  often  exceeding  its  cash  cost,  and  because  the  property 
itself  is  all  but  absolutely  worthless  except  for  the  one  particular 
business  which  it  was  built  to  carry  on,  so  that  the  loan  or  mort- 
gage involves  the  determination  that  the  property  on  which  the 
money  is  lent  is  worth  its  cash  cost  for  any  one  to  ** operate,**  if 
the  managing  company  should  fail  to  do  a  profitable  business 
with  it.  And  as  the  full  cost  of  all  the  fixed  property  is  then 
always  (practically)  advanced,  and  frequently  the  cost  of  all,  or 
most  of,  the  portable  plant  (rolling  stock)  in  addition,  the  nomi- 
nal mortgage  interest  is  so  large  that  it  really  amounts  practi- 
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cally  to  an  ownership  interest  in  the  real  property  ;  and  all  that 
the  mortgage  interest  does  not  own  is  the  immaterial  franchise, 
which  necessarily  goes  with  the  property  when  and  if  they  as- 
sume control  of  it.  This  is  the  additional  security  which  makes 
the  nominal  mortgage  interest  a  real  one,  except  that  usually, 
the  operating  company  are  obliged  either  to  invest  some  money 
themselves  in  plant  to  borrow  the  rest  of  it,  or  to  throw  in  an 
interest  in  the  business  (stock)  in  order  to  persuade  outsiders  to 
build  the  plant.  Very  frequently, — in  fact — usually,  individuals 
in  the  operating  company  (stockholders)  also  lend  money  (buy 
bonds)  for  the  erection  of  the  plant. 

32.  The  instances  where  the  original  projectors,  even  of  lines 
which  have  ultimately  proved  well  justified  and  highly  success- 
ful, have  been  ruined  by  depleting  their  means  too  rapidly  with 
unwarranted  or  deferable  expenditures,  and  have  been  compelled 
to  yield  their  control  of  the  property,  almost  on  the  eve  of  its 
success,  have  been  very  numerous.  A  single  instance,  selected 
almost  at  random,  of  the  startling  vicissitudes  to  which  such 
properties  are  subjected,  and  of  the  dangers  of  the  most  merito- 
rious enterprises  from  the  long  periods  of  depression  through 
which  they  usually  have  to  pass  soon  after  their  construction, 
and  from  the  scanty  means  of  the  original  projectors,  may  be  in- 
structive. 

33.  Within  a  few  years  after  its  construction,  what  has  since  become 
the  St.  Paul.  Minneapolis  &  Manitoba  Railway,  then  the  St.  Paul  &  Pa- 
cific, was  a  very  striking  example  of  such  reckless  management  of  rail- 
way investments. 

Its  construction  began  in  the  flush  times  of  1872-3.  Working  then 
318  miles,  it  earned  only  ^630,000  gross  and  $166,000  net,  the  latter  being 
at  the  rate  of  only  $523  per  mile  of  road.  Its  debt  (exclusive  of  stock) 
was  then  over  $50,000  per  mile,  and,  no  interest  being  paid  on  any  part 
of  it,  a  receiver  was  appointed. 

In  1873-4  and  1874-5  ^he  net  earnings  were  still  less. 

In  1876-7,  an  extension  of  104  miles  into  the  Red  River  Valley  hav- 
ing been  completed,  the  net  earnings  were  nearly  doubled,  and  became 
$749  per  mile. 

By  1878,  although  the  bonds  of  the  Company  had  become  almost 
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worthless*  the  receiver  succeeded  in  completing  the  line  to  the  Dominion 
boundary,  in  time  to  save  a  large  land  grant,  and  the  better  days  of  the 
property  began  to  dawn  ; — five  years  too  late  for  the  original  projectors. 

A  new  company  was  then  organized,  purchased  the  line  at  foreclosure 
sale,  and  found  itself  the  possessor  of  the  422  miles  above  specified,  and 
143  miles  more,  with  a  bonded  debt  of  only  $7,266,000 — less  than  $13,000 
per  mile.  Then  first  the  land  grant  began  to  be  of  immediate  value. 
Immigration  was  flowing  in,  the  Canada  Pacific  was  building  beyond  it, 
wheat  began  to  rise,  and  a  property  which  had  been  almost  worthless, 
all  at  once  became  very  productive. 

The  boom  continued  until  1883,  and  its  progress  is  shown  in  Table  4. 

Table  4. 

Financial  History  of  the  St.  Paul,  Minneapolis  &  Manitoba 

Railway. 


Ybar. 

Miles. 

Earnings. 

Pass. 

Miles 
(Mil- 
lions). 

Fr'ght. 
Miles 
^Mil- 
lions). 

Land 
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Acres. 

Aver'g^e 
Rate, 

Cents 

Ton. 

DiTi- 

dendi. 

Gross. 

Net. 

Per 
Cent. 

1872—71 

318 
3>8 
422 
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$52» 
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•  •  •  « 

•  •  •  • 

•  ■  ■  ■ 

•  •  •  • 

•  •  •  • 
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•  •  •      ■  ■  •  • 
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•  •  •  • 
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>876-77 
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1870-80 

1.497 
1.497 
«.497 
«.497 

•  •  •  • 

•  •  •  • 

•4.471 
4.954 
7.«59 
7.605 
5.99» 
5.a3o 

•a.489 
2,607 

3.573 
3.995 
3,282 

3.057 

•  •  ■  • 

a5-4 
54.4 
68. t 

53-5 
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•  •  •  • 

93*4 
X90. 

34». 
340. 
395- 

268,700 

97.900 

203,300 

104,250 

83,900 

65,600 

•  •  •  • 

2.88 
2.52 

X.91 
1.79 
1.52 

«a/y— WW. ........ 

1880-81 

1881—82. .  •     •  .  .  • 
1882-83 

9M 
8 

1881-84 

AWW^^W^  ********* 

^ 

By  the  end  of  1883  the  road  was  earning  net  more  than  any  road 
westward  of  Chicago  except  two  (the  Rock  Island  and  Chicago  & 
Alton),  and  the  boom  was  at  its  height.  The  real  surplus  in  the  last  two 
years  had  been  enough  to  pay  nearly  twice  as  great  dividends.  Its  lines 
were  well  placed,  and  almost  completely  secured  to  the  Company  the 
possession  of  the  traffic  of  one  of  the  most  fertile  valleys  on  the  Con- 
tinent. 

Then  an  ebb-tide  set  in.  Immigration  and  the  price  of  wheat  fell  off, 
as  also  the  immense  traffic  from  the  construction  of  the  Canada  Pacific. 
A  competing  line  on  the  north  shore  of  Lake  Superior  was  opened. 
Rates  were  necessarily  made  mucli  lower,  and  for  the  two  additional 


CHAP,  II,— THE  MODERN  RAILWAY  CORPORATION.      39 

years,  which  alone  can  be  given  in  this  volume,  the  record  was  as  shown 
in  the  last  two  lines  of  Table  4,  the  contrast  between  which  and  the  last 
year  of  the  flush  period  is  notable. 

In  the  last  year,  in  spite  of  the  falling  of!  in  prosperity,  which  had  in 
it  no  element  of  immediate  disaster,  bonds  to  the  amount  of  50  per 
cent  of  the  stock  were  *'  sold  "  to  stockholders  for  10  cents  on  the  dollar, 
which  was,  of  course,  equivalent  to  a  dividend  of  some  45  per  cent, 
more  if  the  future  of  the  property  did  not  belie  its  promise.  From  the 
point  of  view  of  the  public  interest  there  was  no  danger  of  this.  Its 
future  was  magnificent  and  assured.  As  respects  the  individual  owners, 
great  as  had  been  their  profits  to  date  from  securing  control  of  this  for- 
merly bankrupt  property,  this  was  and  is  far  less  certain. 

34t  The  instructive  feature  of  the  example  is  that  even  now  (1885), 
failing  any  one  of  these  following  conditions,  ruin  or  serious  loss  of  all 
recent  investors  in  the  stock  of  property  would  be  near  at  hand : 

1.  The  fixed  charges  are  only  $1358  per  mile,  whereas  double  that 
figure  or  even  more  would  be  more  usual.  At  the  latter  figure  a  com- 
bination of  many  causes  might  bring  the  net  earnings  below  it. 

2.  The  rapid  fall  of  rates,  which  otherwise  would  have  extinguished 
the  surplus,  was  met  by  important  improvements  of  the  main-line  grades, 
and  by  the  introduction  of  more  powerful  locomotives,  as  well  as  by  the 
natural  economies  resulting  from  heavier  traffic,  so  effectually,  that  in  the 
last  year  but  one  of  the  table  24  per  cent  more  freight  was  moved  with- 
out any  increase  of  engine  mileage. 

3.  The  revulsion  occurred  at  a  time  when  the  general  depression  of 
business  was  not  marked,  when  the  Company  was  not  embarrassed  by 
excessive  obligations  for  new  construction,  and  when  the  falling  off  in 
traffic  and  revenue  was  in  no  respect  panic-like.  Otherwise,  even  as 
sound  a  pro[)erty  as  this  had  proved  itself  to  be,  had  it  entered  upon 
considerable  expenditure  for  new  construction  or  improvement,  based 
on  a  standard  conforming  to  the  present  large  earning  power  of  the  prop- 
erty as  a  whole  instead  of  the  probable  earning  power  of  the  additions* 
separately  considered,  might  well  have  found  itself  again  a  bankrupt. 

35.  That  such  contingencies  and  fluctuations  are  not  excep- 
tional, is  indicated  by  the  aggregates  of  railway  foreclosureSi 
shown  in  Table  5,  which  in  1885  rose  to  the  aggregate  of  2880 
miles  with  $139,658,000  in  bonds  ($48,500  per  mile)  and  $120,- 
090,000  in  stock  ($41,700  per  mile)  or  $268,213,000  in  all  ($93,136 
per  mile)  the  bonds  alone  probably  representing,  as  is  so  com- 
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Table  5. 
Railway  Foreclosures. 


Year. 

Milet. 

Capiul  Stock. 
I  =  1000. 

Funded  Debt. 
1  =  1000. 

FloatinfT  Debt. 
X  —  xooo. 

Total. 

X    B    100^ 

1881 

2.617 

668 

1,190 

714 
2,880 

♦51.278 

20,751 

24.588 

12.894 

120.090 

•76.645 

23999 
38. 198 
13.061 

139658 

(•10.000 1') 
10.074 

2,482 

423 
8.465 

•i37.9«l 

54.824 

65.268 

26.378 

268,213 

1882 

1883 

1884 

1885 

Total,  5  yrs... 

8,069 

$229,601 

$291,561 

•31.444 

•552.606 

Per  mile,  average 

$28,455 

$36,135 

•3.897 

•68,487 

Per  mile.  1885 

$41,697 

•48.499 

•2.940 

•93. 136 

The  above  is  compiled  from  '*  Poor's  Manual,"  t886.  It  is  unquestionably  full  of  errors, 
but  no  authentic  or  complete  figures  exist.  The  general  fact  that  the  bonds  and  stocks 
of  bankrupt  lines  run  a  good  deal  higher  than  those  for  solvent  lines  is  clear,  as  the  most 
serious  errors  are  probably  in  the  earlier  years. 

The  Commercial  and  Financial  Chronicle,  in  its  October,  1884.  Investor:?  SuppU* 
ment  presented  a  valuable  table  showing  the  railway  com{>anies  now  in  default  on  pay- 
ment of  interest  on  bonds.  Only  railways  in  the  United  States  are  included,  Mexican 
and  Canadian  lines  being  omitted,  and  only  the  particular  issues  of  bonds  are  taken  on 
which  default  is  made,  although  the  mileage  given  includes  all  operated  by  the  defaultlnf^ 
companies.  The  table  includes  all  companies  defaulting  during  the  period  covered,  which 
had  not  resumed  payment  in  full,  and  which  had  not  been  foreclosed  and  reorganized. 
The  totals  are  summed  up  in  the  following  table,  in  which  comparison  is  made  with  the 
defaults  of  1873-76 : 


Total  defaults.  October,  1884.. 
Entire  railroad  system  of  U.  S. 
Per  cent  of  defaults  to  total. . . 


Jan.  I,  1884. 


Total  defaults    1 873-1 876 

Entire  railroad  system  Jan.  i,  1876. 
Per  cent  of  defaults  to  total 


Increase  in  mileage  and  bonds  during  five  years  pre- 
ceding Jan.  I.  1884 

Increase  in  mileage  and  bonds  during  five  years  pre 
ceding  Jan.  i,  1876 


Mileage. 


15.986 

121.592 

13.14 


Amount  of 
Bonds. 


39.818 
21.232 


$315,283,000 

3,455,040,283 

9.12 

$783967.665 
2.175.000.000 

36.04 


$1,157.^49.467 
*63C,96o,O00 


*  Estimated  at  $30,000  per  mile. 
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The  whole  number  of  companies  in  default  in  1884  was  only  43,  against  197  in  the 
former  period.  In  the  former  period  of  defaults,  about  20  companies  out  of  the  total  197 
that  were  embarrassed  were  old  railroads  that  were  well  established  and  once  had  a  pay- 
ing business.  In  the  later  period,  out  of  42  companies  named  in  the  table,  none  can  be 
fairly  said  to  have  had  a  well-established  and  paying  business  on  the  basis  of  their  present 
lines  and  existing  liabilities,  unless  such  companies  as  Erie,  Wabash,  and  Reading  be 
classed  in  that  category. 

On  British  railways,  which  are  subject  to  far  fewer  vicissitudes  than  those  of  the  United 
States,  the  average  dividend  of  4V4  per  cent  is  divided  approximately  as  follows, — United 
States  statistics  from  the  census  of  x88o  being  added  for  comparison : 


United  States. 

British, 

x8.8 

16.  z  per 

cent 

pays  . 

• 

■ 

• 

no  dividends. 

1.0  •* 

under  z 

per 

cent 

10.3 

4.9** 

3 

9.3 

3.3  ** 

3 

3.« 

7.3  *• 

4 

a-S 

334  ** 

5 

5.7 

31.7  •* 

6 

6.5 

3ao  *• 

7 

6.5 

1.0  •• 

8 

7-4 

0.4  •* 

9 

3-4 

0.^  •• 

zo 

3.9 

about 

15 

While  exact  figures  on  which  to  base  a  judgment  are  not  available,  it  is  not  probable 
that  more  than  one  fourth  of  the  existing  mileage  of  the  United  States  has  escaped  fore- 
closure proceedings  or  default  on  bonds  necessitating  a  receivership.  Many  roads  which 
are  now  among  the  strongest  properties  have  been  through  such  difficulties  several  times 
in  their  earlier  history;  while,  on  the  other  hand,  many  others,  like  the  Denver  &  Rio 
Grande,  Philadelphia  &  Reading,  and  other  strong  properties  whose  future  seemed 
assured,  have  been  overtaken  by  disasters  resulting  in  great  part  from  the  intoxication  of 
kmg-continued  success.  So  that  the  properties  are  few  indeed — and  those  mainly  the 
ones  which  build  no  new  lines — of  which  it  can  be  predicted  with  any  certainty  that  they 
m^  not  become  insolvent  in  the  next  period  of  serious  depression. 


Table  6. 
Estimate  of  Future  Railway  Construction  in  the  United  States. 

[Prepared  by  Edward  Atkinson,  of  Massachutetu,  for  various  groups  of  Sutes  at  described 

on  next  page.] 


Gaoup  OP  Statu. 


Class  I.. . 
Class  II. 
Class  III 
Class  IV. 
Class  V. 

Totals. 


Mileafre  still 

needed  from 

Jan.  I.  1881. 

19  years. 


36.236 

27.199 

34.472 

9652 

9.888 


"7,447 


Mileage  built 

from  Jan.  i, 

1881,  to  Jan., 

1885. 

4  years. 


8.597 
5  282 

8351 
2.893 

5.857 


30,980 


Per  cent 

total  estimate 

built  in 

4  years. 


24 

I9i 

24 

30 

59 


26.3 


Mi  leave  still 
needed  be  fore 

A.D.  1900. 

15  years. 

27  639 
21.917 
26.121 

6.759 
4031 


86,467 
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monly  the  case,  somewhat  more  than  the  actual  total  expendi- 
ture to  create  the  entire  property.  This  amounts  to  nearly  three 
per  cent  of  the  mileage,  and  over  four  per  cent  of  the  capitalized 
cost  of  the  entire  railway  system  of  the  country,  and  that  too  in 
a  year  which  was  in  no  respect  a  particularly  bad  one  finan- 
cially, as  will  be  seen  from  Table  5,  which  gives  similar  figures 
for  several  years  back. 

36.  The  fact,  illustrated  by  the  history  just  given  of  a  road 
in  the  far  West,  that  the  intoxication  of  realized  success  will 
lead  even  prosperous  companies  to  assume  dangerous  and  reck- 
less liabilities,  becomes  especially  important  in  view  of  the  fact 
that  in  the  future  a  large  portion  of  the  new  mileage  will  be 
constructed  by  such  lines.  A  carefully  studied  forecast  of  the 
probable  mileage  to  be  constructed,  by  Mr.  Edward  Atkinson, 
made  in  1881,  and  confirmed  as  a  moderate  and  cautious  esti- 
mate which  will  almost  certainly  be  exceeded  by  experience  up 
to  1885,  brings  out  this  fact  clearly,  in  addition  to  having  an  in- 
terest of  its  own,  and  is  given  in  Table  6. 

Description  of  Groups,  Table  6. 

Class  1.  consists  24>proximatelv  of  the  11  States  lying  in  or  on  Uie  iire^lar  pentagoo 
marked  out  by  Boston,  New  York,  St.  Louis,  Louisville,  Washing^ton— estimated  to  ha^ 
by  1900  one  mile  of  railway  per  4  square  miles ^  as  now  in  Massachusetts. 

Class  n.  consists  of  the  xo  States  lying  immediately  to  the  north,  west,  and  south  of 
Class  L,  stretching  down  the  Atlantic  coast  to  Florida,  estimated  to  have  by  1900  4m€ 
mile  per  8  sq,  miles ^  or  half  of  Class  L 

Class  III.  includes  11  States  in  the  far  West  and  South,  with  one  mile  per  x6  sq, 
miles y  or  half  of  Class  H. 

Class  IV.  includes  the  5  States  of  Maine,  Nevada,  Colorado,  Oregon,  and  California, 
with  one  mile  per  33  sq.  miles ^  or  half  of  Class  III. 

Class  V.  consists  of  Florida,  Dakota,  and  7  other  Territories,  with  one  mile  per  64  sq, 
miles. 

Total  United  States  mileage  when  estimate  was  prepared,  91,778;  estimated  total, 
1900,  209,325  miles.  This  estimate  assumes  an  average  future  construction  for  the  15 
years  after  1885  of  5,764  miles  against  an  average  of  7,745  miles  per  year  for  the  previous 
\  years.     The  estimate  is  almost  certain  to  be  hugely  exceeded. 

Table  7. 
Progress  and  Extent  of  the  Railway  System  of  the  World. 

[Revised  from  Mulhall's  "  Dictionary  of  Statistics.*'] 


Miles  Open. 

Cost  (millions,  $). 

1840 

I80O 

1860 

1870 

1880 

I80O 

1860 

1870 

18M 

United  Sutes . . . 
United  Kingdom 

Continent 

Canada,  etc 

a,8i8 
838 

«.074 

•  •  •  • 

9,oai 
6,631 

8,3" 
538 

30,635 

10,433 
21,815 

4,«a8 

5a,9M 
15.537 
49,320 

",339 

93,349 
17,945 
86,818 
3>,8o4 

29a 

1,166 

65  a 

34 

a,»44 

1,094 
1,685 

X.730 
243 

2.33a 

2,572 

4.320 

860 

5.070 
3,640 
8.690 

3,OtO 

Toul 

4.730 

2A.AOI         fiv.tit 

130,110  ' 

339.916 

4-752 

10,084 

19,410 

*^»^y  * 

~. 1 
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Table  8. 
Railways  of  the  World,  January  i,  1884. 

[Prom  Prof.  A.  T.  Hadley's  '*  Railroad  Transportation,  iu  History  and  iu  Lawi.**] 


America. 
Europe . . 
Asia .... 
Africa.. . 
Australia 


Miles. 


140.000 

114.000 

11,600 

3.400 

6,500 


275,500 


Capital  Invested. 


$8,400,000,000 

16,110.000.000 

775,000.000 

240.000.000 

325.000,000 


$25,850,000,000 


Per  Mile. 


$60,000 

115.000 

66,000 

70,000 

50.000 


$72,200 


Germany 

Great  Britain  and  Ireland . 

France 

Russia 

Austria  and  Hungary 

Italy 

Sf>ain 

Sweden 

Belgium 

British  India. 

United  States 


Per  cent 

Miles  of 

Miles  of 

Length, 

Increase 

Road 

Road  to 

Jan.  I,  1884. 

in 

to  100 

10,000 

5  years. 

sq.  miles. 

inhab. 

22.300 

8 

10.6 

4.9 

18,600 

5 

15.2 

5.3 

18,500 

18 

9.0 

4.9 

15.700 

7 

0.8 

1.9 

12,800 

12 

5-3 

3  4 

5.900 

13 

5.1 

2.0 

5.100 

16 

2.6 

3.0 

4.000 

14 

2-3 

8.7 

2,600 

6 

23.2 

4.8 

10.500 

20 

0.7 

0.4 

120,000 

43 

3.4 

22.5 

Coat 
per 

mile. 
Dollars. 


105.000 

204.000 

128.000 

80,000 

105,000 

92,000 

78.000 

30.000 

132.000 

66,000 

61,000 


Germany  . . . . 
Great  Britain. 

France  

Russia 

Austria 

Italy 

Spain 

Sweden 

Belgium 

British  India. 
United  States 


Equipment  per  100  miles. 

Pass. 

Moved 
(Millions). 

Locom. 

Pass.  cars. 

Frcicrht. 

1882 

51 

95 

1,081 

224 

1882 

76 

232 

2,298 

655 

I88I 

46 

105 

1.207 

180 

I88I 

40 

50 

775 

33 

1882 

30 

62 

716 

47 

1882 

29 

88 

510 

34 

1880 

26 

77 

468 

15 

I88I 

16 

36 

401 

7 

I88I 

72 

139 

1.840 

57 

1883 

24 

65 

436 

65 

1883 

22 

21 

663 

313 

Tons 

Moved 

(Millions). 


X98 
291 

93 
14 
70 
II 

9 

5 

37 

19 
400 


Comparison  with  Table  10  and  others  will  show  that  there  is  considerable  uncertainty 
in  these  figures.  It  should  be  remembered  that  American  rolling-stock  is  much  heavier 
and  larger  than  foreign,  and  that  the  average  distance  over  which  each  passenger  or  ton  is 
moved  is  far  greater. 
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ISM 

I8U 

tSM 

ISM 

1870 

18» 

IBM 

IMI 

.,6- 

...]6 

4.'73 

Ml 
.,3*0 

J.«34 

5.>tl> 

3*>' 

i.iSi 

^■>» 

"3.1I7 

«-S»3 
'.934 

,,6]B 

ij.6 
7.=4T 

■  M7« 

'4,«I>J 

i,9« 
..9« 

J-977 
■3J4S 

•.~s 

7.»»J 
»46t 
■».»» 

6J.. 
>.9« 
».«71 

Jt,S»7 

'3-»J4 
•HO* 

New  Voiit,  New  Jcney,  PcDDa. 

Virginia.  N.  C>.,  S.  C>-,  Ga..  FtL 
Alabama.  Miaa.,  U.,  Teno..  Kt.. 
Obio.  Michigan.  Indiana,  luinai.. 

low.,Keb™ka,  Kan..  Mo.-.- 
IndNmTer.  A'kana^  Te««.Coi 

Paci6cSuiea  and  Tertiioriea.... 

%-> 

.»,J74 

3*«3J 

33,091 

74«6 

93.349 

i>l,g«r 

s  data  [or  the  following  tables,  corrected  yearlj. 
Foreign  Couktkibs. 


■  of  "  Pooea  MrnDual,"  iriikl 


0 

1 

» 

4 

, 

• 

, 

s 

ff 

•,li8 
9.ffli 
30,6,6 

6o,,,3 

,,orf 
■  =.9o8 

6«,.,T 

380 

4.-SS 
lS.3fc 

633 

33.5°» 
7».38S 

.,098 
4,633 
■B,374 
3S,oei 

"S.363 

4,93" 

3e.Bo. 
7e.8oe 
T36.400 

-.497 

3,igS 

J9,-«8 

3,99« 

4»,"9 

8,,767 
.s6.»4 

1840 

«<,<44 

- 

>«IJM 

ISM... 
I8W... 
ISM... 
ISM... 
ISIO... 
1880... 


».«9      4.611 
»,679      44"T 
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Table  10. 

MiLKAGB,  Cost,  etc.,  op    European    Railways,   with   Iotal  Cost   of 

Construction  and  Average  Cost  per  Mile. 

[ReAiranfed  and  recomputed  from  the  Revue  GiniraU  des  Ckemitu  de  Fer^  x886.] 


Country. 


UDited  Kingdom. , 


Belginm , 

France 

Germany 

Aitttro- Hungary . 


Switxerland. 

S|>ain 

Portugal 

Rumia 

luly 

Holland 

Sweden 

Denmark. . . . 
Norway 


Gbkmany  im  dbtaii^— 

Prussia 

Rararia. 

Saxiny 

Wurtembarg 

Baden 

Alsace-Lorraine 

Other  German  Sutes  . . 


Toul  Germany 


MiNOK  European  CotmTRi 
Bosnia  and  HertxegoTina... 

Bulnria 

Finland 

Greece  

Luxemburg 

Roumania 

Turkey 


Miles. 
1883-5. 


18,864 


«,885 
16,578 
31,785 

13,603 


«.795 
4.550 

9*7 
14,336 

5.87» 
1,406 

3.975 
936 

970 


106,361 

13,636 
a.8j3 
».434 


18 


3.096 


31,785 

Kilos. 
370 

333 

1,181 

33 

366 
".503 

«.>73 


Cost. 
Millions. 

At.  Cost 
Per  Mile. 

$3,895.10 

$306,490 

334  45 
3,332.30 
3,348.40 

«77.4ao 
« 34.640 
103,310 

1,379.80 

101,550 

184  88 
44a. a6 
90.11 
1,383.30 
554.50 
"7. 34^ 

59- 34* 
37.00 

33. 5« 

103,000 
97,300 
97,300 
97,168 
94.448 
90,918 

41.563 
39.961 
34.548 

$13,901.19 

$131,300 

M9.35 
110.95 

99.70 

103,630 

94.7^8 

104,150 

"3.140 
i3i,88o 

100,338 

310.61 

3,348.40 

103,3  xo 

••••••         •• 

lome  3.000 

miles). 

Sq.  Miles  per 
Mile  Ry. 


\ 


Eng. . . . 
Scot... 
Ire 


( Aus... 
( Hung. 


4.4 
10.3 

,  13. o 

~S 

4. a 

XI. X 

9-4 

14.7 

.  34.0 

x8.8 

37.9 
130.5 

X8.5 

9-7 

4«.7 

13.0 

X37.0 


33.9 

X0.3 
9.4 

8.4 
7.0 


8.4 


9.4 

87.0 

179.0 

196.0 

1800.0 

4  4 

53  9 

III. 5 


Per  Cent 
Increase, 
One  Year. 


•03 
1.39 

8. ox 

X.9X 
a. 13 
3.05 

::? 

3.XS 


U 


3- 
3- 
3-30 
4.98 

\\& 
3ai 

1.13 

X.80 

«.97 


307 

X.76 

a3« 
S.S4 

>-9f 

X.96 


S.07 


S-X4 

14. 55 

3.93 

147  00 
0.97 
5.73 
7-54 


^  There  is  an  error  in  this  sum,  which  should  be  about  $100,000,000  greater— 150.66. 

The  last  three  columns  are  taken  (converting  metric  into  English  units)  from  the 
Staiisqut  dts  Ckemins  dt  Per  de  r Europe,  x88a.    Vienna,  1885. 

According  to  other,  and  perhaps  more  authentic  figures,  the  railways  of  Great  Britain 
have  coat  $^(^,843  per  mile  of  road ;  the  Belgian  State  Railwa3rs,  $123,986 ;  for  the  French 
railways,  $134,649 ;  for  the  German  State  Railways,  $105,204 ;  the  German  private  roads, 
$71.877 ;  the  Austro-Hungarian  roads,  $104,420.  The  cheapest  system  of  Europe  is  tha 
State  Railways  of  Finland,  $io,xoa ;  the  other  Russian  railways  stand  at  $83,244,  against 
$63,350  per  mile  for  the  railways  of  the  United  States. 

The  whole  cost  of  the  railways  of  the  world  has  been  more  than  $24,000,000,000,  which, 
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however,  is  only  about  $24  per  inhabitant.  In  this  oountrj  the  expenditure  has  been 
about  $1 J3  per  inhabitant ;  in  Great  Britain,  $107 ;  in  Germany,  $47 ;  in  France,  $57 ;  in 
Austria-Hungary,  %ys\  in  Italy,  $19;  in  Belgium,  $41;  in  Sweden,  $25;  in  Spain,  $99; 
in  Russia,  $14 ;  in  Canada,  $89. 

In  France  and  Germany  railways  pay  about  5  per  cent  on  the  capital  invested,  as  an 
average ;  in  Great  Britain,  4  to  4^ ;  in  all  Europe  and  in  the  United  States,  about  4  per 
cent. 

Table  11. 

Extreme  Fluctuations  in  Price  of  the  Stocks  of  Various  Companrs 

OF  Great  Natural  Strength. 

The  lowest  points  in  times  of  depression  (distinguished  by  an  I)  and  the  highest  price 
in  times  of  activity  (distinguished  by  an  h)  are  alone  noted,  except  that  in  the  last  fi^iwmti 
is  given  the  price  in  November,  1886.  The  list  has  been  selected  almost  at  random, 
regardless  of  their  actual  financial  status,  to  include  the  more  prominent  companies  which, 
from  the  nature  of  their  traffic  or  other  strategic  advantages,  might  naturally  be  eqwded 
to  be  (as  for  the  most  part  they  are)  least  subject  to  erratic  fluctuations  of  value. 


Company. 


New  York  Central 

Erie  

Pennsylvania 

Baltimore  ft  Ohio  

Central  of  New  Jersey. . 

Boston  &  Albany 

Lake  Shore 

Michigan  Central 

Canada  So 

Pittsburf;  &  Ft.  Wayne. . . 

Chicago  &  Alton 

Ch.,  Burlington  A  Q..  .  ■ 

Ch.,  Milw.  &  St.  P 

Ch.  &  N.  Western 

Ch.,  Rock  Isl.  &  P 

III.  Central 

Atchison.Topeka  &  St.  F. 
Denver  &  Rio  Grande.. . 

Central  Pacific 

Union  Pacific 

Louisville  &  Nasbv 

New  York.  N.  H.  &  Hartf . 
No.  Pacific 


1878. 


1 103 


m 


I61H 


1882. 


hisoW 


hisoH 


hiooH 

I168 

1>54H 


1883. 


\^% 


168J4 
I1185 


1884. 


1 107 


18iH 


liio 


I38 


1«4 


1885. 


I165 

I169 

0x43 

I1140 


The  above  extremes  are  in  many  cases  brought  about  temporarily  only  by  the  madii- 
nations  of  speculators.  In  many  cases  permanent  changes  in  the  nature  of  the  company 
have  also  had  great  influence.  On  the  other  hand,  these  fluctuations  of  stock  are  far  len 
than  the  fluctuations  in  the  productiveness  for  the  time  being  of  the  properties  represented 
by  them,  for  the  price  of  a  stock — neglecting  the  mere  momentary  fluctuations  of  a  few 
points  forced  for  the  sake  of  a  **  ttim" — is,  at  the  most,  merely  this :  It  is  the  speculators' 
estimate  of  what  permanent  in^vestors  feel  for  the  time  being  to  be  the  permanent  avsk- 
aoe  value  of  the  stock.  For  there  are  always  large  holders  who  keep  in  mind  the  average 
value  of  the  property  during  good  times  and  bad  times  alike,  and  who  will  buy  or  sell  in 
quantities  large  enough  to  immediately  affect  the  price  if  they  think  it  is  falling  below 
the  present  worth  of  its  future  chances,  all  uncertainties  included. 
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Table  12. 
RoLUNG  Stock  Per  Mils  in  the  United  States  and  British  Colonies. 


Namk  or  Railway. 


New  England  States,  1883 

Middle  Sutes,  1883 

Southern  Sutes,  1883 

Western  States,  1883 

Pacific  Stales,  1883 

Canadian  Pacific,  1885 

Intercolonial  of  Can..  Halifax  to  Quebec,  1884 

Indian,  5  feet  6  inches  gauge 

India,  metre  gauge,  1884 

Ceylon  Government,  1883 

Mauritius  Government,  1884 i . 

Queensland  Government,  1882 

New  South  Wales  Government,  1881 

Victorian  Government,  1882 

South  Australia  Government.  1881 

New  Zealand  Government,  1883 

The  Cape  Government,  1882 

Average  of  totals 


Per  100  Miles  of  Railway  Open. 


Loco- 
motives. 

28.76 

41.93 
13  32 
16.23 
9.63 
10.9 
19.2 
27.2 
20.4 
31.8 
40.9 

7-9* 
23.4 
16.8 

13.6* 

15.0 

234 


19.86 


Passenger 
Cars. 


48.31 

45.34 
12.06 

13.74 
12.06 
10. 1 

28.4 

66.5 
69.2 
95.6 
131. 8 
II. 6 
53.2 
33.6 
22.1 
42.7 
41.2 


23.89 


Freight 
Cars. 


635.9 

1714.5 

283.2 

4834 
191. 8 

276.2^ 

513.3' 
512.2 

369.7 
296.1 

500.5* 
112. 8 

487.1 
291.6 

344.9 
453.2 

374.8 


590.5 


>  Only  partially  open  for  traffic.  *  Opened  about  1876. 

*  Freight  traffic  heavy  during  crop  season. 

«  Report  sutet,  "  We  have  been  extremely  short  of  engines  all  through  the  year.** 

*  Report  states  that  more  locomotives  are  required. 

Condensed  from  a  paper  on  "  The  Laying-out,  Construction,  and  EU^uipment  of  Rail- 
ways in  Newly- Developed  Countries,"  by  James  Robert  Mosse,  M.  Inst.  C.E.,  in  Trans- 
actioris  Inst.  C.E.,  z886.    See  also  Table  & 


CHAPTER  III. 

THE    NATURE    AND    CAUSES    CONNECTED    WITH    LOCATION    WHICH 
MODIFY   THE   VOLUME   OF   RAILWAY    REVENUE. 

37.  With  the  invention  of  the  railway  began  a  new  industry 
— the  MANUFACTURE  OF  TRANSPORTATION.  Transportation,  in- 
deed, existed  before  its  invention,  just  as  cotton  cloth  existed 
before  the  invention  of  modern  machinery,  but  it  was  in  each  case 
mainly  produced  on  a  small  scale  by  each  consumer  for  his  own 
use  and  his  immediate  neighbors'.  With  the  invention  of  the 
railway  first  began  the  manufacture  of  transportation  for  sale  oa 
a  large  scale  and  by  modern  processes. 

38.  A  railway  corporation  such  as  has  been  just  considered 
— the  typical  modern  corporation — exists  for  this  purpose.  It 
finds  itself,  on  completion  of  its  works,  in  possession  of  a  certain 
piece  of  improved  real  estate,  of  certain  buildings  and  fixed 
machinery  (the  track),  and  of  certain  tools  and  machines  (the 
rolling-stock)  for  the  manufacture  of  its  commodities,  together 
with  certain  establishments  (the  locomotive  and  car  shops)  for 
the  maintenance  and  repair  of  its  machine-tools,  which  the  extent 
of  its  business  requires.  In  many  instances  it  has  not  a  dollar's 
worth  of  ownership  interest  in  all  this  costly  plant,  excepting  a 
portion  of  the  minor  machinery,  but  simply  controls  it  at,  in  ef- 
fect, a  fixed  rental  (interest  and  other  fixed  charges).  All  that  it 
really  owns  is,  commonly,  a  portion  of  the  business  or  franchise ; 
and  this  latter  has  likewise  been  hypothecated,  or  pledged,  in 
the  mortgage  bonds  as  security  for  the  payment  of  its  rent 
charges.  As  this  business  has,  from  the  nature  of  railway  busi- 
ness, assurance  of  always  amounting  to  a  certain  minimum  at 
least,  this  franchise  alone  has  a  value  as  security  which  no  ordi- 
nary business  would  have,  and  in  a  rapidly  growing  country  its 
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existence  enables  all  or  nearly  all  of  the  actual  cost  of  the  entire 
premises  and  plant  to  be  borrowed,  or  rented,  from  others. 

On  the  premises  so  rented,  the  corporation  carries  on,  for  its 
own  benefit,  the  business  of  manufacturing  and  selling  transpor- 
tation, so  to  speak,  at  wholesale  and  retail,  in  lots  to  suit  the 
purchasers.  Since  it  owns  the  business  only,  and  has,  as  a  cor- 
porate body,  no  interest  or  ownership  in  the  property  itself,  it 
will  be  clear,  and  should  be  fully  realized,  that  all  its  interests 
are  limited  to  the  narrow  debatable  ground  which  lies  between 
doing  the  best  possible  and  doing  the  worst  possible  with  the 
property  in  hand,  which  is  in  all  ordinary  cases  simply  lent  to 
them  for  an  annual  consideration. 

39.  Now,  continuing  the  parallel,  which  will  perhaps  help  to 
enforce  the  truths  required,  and  referring  only  to  sales  of  .trans- 
portation, or  revenue  :  if  a  manufacturing  company  in  such  cir- 
cumstances should,  in  planning  its  works,  so  plan  them  as  to  cut 
itself  off  from  disposing  of  certain  lines  of  goods  which  it  manu- 
factures, or  should  place  its  retailing  establishments  (stations)  at 
inconvenient  points,  it  is  clear  that  it  would  have  seriously  hand- 
icapped itself,  even  if,  perchance,  justifiably.  This  a  railway 
company  does  when,  by  failing  to  run  close  to  any  accessible 
towns,  it  is  prevented  from  furnishing  them  with  transportation, 
or  is  so  far  away  that  sales  are  inconvenient.  If  it  strives  to 
shorten  its  line  it  is,  for  certain  parts  of  its  traffic,  trying  to  sell 
\t^%  yards  of  its  goods,  at  a  certain  ^rxct  per yard^  in  order  to  save 
the  cost  of  its  manufacture  ;  forgetting  that  by  the  same  act  it 
also  loses  the  selling  price  and  hence  the  profit  on  them.  If,  on 
the  contrary,  it  builds  an  over-long,  or  crooked,  or  otherwise 
objectionable  line,  it  is  in  effect  fitting  itself  to  produce  only  an 
inferior  article,  which  will  command  a  lower  price. 

40.  The  force  of  this  parallel  is  still  further  and  greatly 
strengthened  if  we  remember  that,  with  much  that  is  similar, 
there  is,  in  one  respect,  a  momentous  and  broad  distinction 
between  the  seller  of  transportation  and  the  seller  of  most  other 
commodities.  The  production  or  partial  production  of  trans- 
portation is,  from  the  necessity  of  the  business,  considerably  in 

4 
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excess  of  the  amount  sold,  and  its  cost  bears  a  very  irregular 
ratio  thereto.  Every  time,  for  example,  a  passenger  train  starts 
out,  there  is  "manufactured,"  so  to  speak,  several  hundred- pas- 
senger trips.  If  they  be  not  sold,  they  cannot  be  stored  away  on 
tlie  shelf  for  the  next  day's  trade,  like  the  remnants  of  a  lot  of 
dry-goods.  They  are  simply  wasted  and  thrown  away.  It  is 
with  the  railway  much  as  if  tradesmen  were  compelled  to  cut  a 
new  piece  of  each  kind  of  goods  each  day  and  then  throw  away 
the  part  remaining  unsold  each  night.  We  should  probably 
under  such  circumstances  observe  a  conspicuously  greater  zeal 
even  than  now  exists  for  regulating  and  increasing  sales,  so  as 
to  sell  the  whole  of  every  piece  of  goods ;  whatever  price  the 
remnants  might  bring  being  so  much  clear  gain. 

4U  To  a  greater  or  less  degree,  but  always  to  a  very  impor- 
tant degree,  the  conditions  here  suggested  exist  with  respect  to 
every  part  and  kind  of  railway  traffic.  We  see,  tlierefore,  how 
vital  and  peculiar  is  the  interest  of  railways  in  neglecting  no 
consideration  which  by  ever  so  little  affects  its  revenue.  It  is 
on  slight  differences  of  traffic  and  revenue  that  the  corporation 
grows  rich  or  poor. 

Granting,  therefore,  that  no  probable  effect  upon  traffic  and 
revenue  which  may  or  can  occur  from  the  decisions  reached  in 
the  original  location  should  be  neglected,  it  will  be  obvious,  as 
already  hinted,  that  such  effects  are  possible  from  anyone  of  the 
following  causes  : 

42,  I.  The  Length  of  the  Line. — Even  slight  variations 
therein  are  very  certain  to  affect  the  revenue,  as  well  as  the 
expenses ;  because  all  local  rates,  except  by  special  contract,  are 
nominally  fixed  by  the  mile,  and  all  through  rates  (those  shared 
in  by  two  or  more  companies)  are,  without  exception,  divided 
according  to  distance  hauled,  although  not  necessarily  in  exact 

ratio  thereto. 

Up  to  a  certain  point,  therefore,  varying  in  almost  every  case, 
the  gross  revenue  certainly,  and  the  net  revenue  frequently,  will 
be  increased  by  a  longer  line,  as  well  as  the  operating  expenses 
But  if  the  process  be  carried  too  far,  the  traffic  will  be  overbur- 
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dened,  discouraged,  and  decreased.  The  questions  thus  raised 
will  be  separately  discussed  in  Chapter  VII.,  on  Distance.  It  is 
one  of  extreme  importance. 

Such  effects  on  revenue  may  also  occur  from — 

2.  The  comparative  weight  allowed  to  securing  way 
TRAFFIC,  the  quantity  which  may  be  expected,  and  the  sacrifices 
which  may  or  must  be  made  to  reach  certain  additional  traffic 
points.     Also, 

3.  Allied  to  the  latter,  is  the  question  of  how  near  to  run 
TO  cities,  towns,  and  other  sources  of  traffic,  which  are 
already  upon  the  line,  and  how  much  the  traffic  and  revenue  will 
be  thereby  affected. 

4.  Still  other  similar  questions  arise  in  connection  with 
branch  lines:  whether  to  build  a  branch  at  all,  or  take  the 
main  line  through  the  given  point ;  whether,  if  a  branch  be  de- 
cided on,  the  connection  should  be  made  at  this  or  that  point, 
there  being  often  much  choice,  and  the  decision  governed  by 
commercial  considerations  to  an  unusual  extent,  or  at  least  by 
very  different  laws  from  those  which  might  govern  the  laying 
out  of  longer  lines,  owing  to  the  shortness  and  isolation  of  most 
branches. 

5.  All  of  these  questions  together  arise  on  a  grand  scale  in 
the  laying  out  of  great  systems  of  railway  at  once  or  in  the 
connection  of  a  number  of  isolated  lines  into  a  single  system,  as 
happens  with  increasing  frequency  in  modern  times. 

In  a  certain  sense,  indeed,  every  line,  even  nominally  inde- 
pendent, and  no  matter  how  short,  is  a  part  not  only  of  one  but 
perhaps  of  several  great  systems  of  roads.  On  this  account,  and 
because  of  the  great  impDrtance  of  the  questions  which  arise  in 
connection  with  the  laying  out  of  branch  lines  and  systems,  a 
separate  chapter  (XXI.)  is  devoted  hereafter  to — not  a  general 
discussion,  for  that  is  impossible — but  to  the  presentation  of 
certain  suggestions  intended  to  illustrate  the  laws  which  govern 
their  solution.  Much  of  the  chapter  referred  to  has  likewise  a 
direct  bearing  on  the  remainder  of  this  chapter. 

f3«  It  is  unfortunate  that  the  very  great  and  often  decisive 
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effect  which  differences  of  location  may  have  upon  the  revenue 
of  j'ailways  is  not  susceptible  of  more  exact  analysis,  for  it  is 
very  often,  in  properly  conducted  work,  a  consideration  of  such 
importance  as  to  sink  differences  of  engineering  details  into 
insignificance.  The  most  that  can  be  done  is  to  lay  down  with 
all  possible  care  the  general  principles  which  govern  this  effect, 
with  the  caution  that  the  very  difficulty  of  determining  exacify 
what  weight  should  be  given  to  it  creates  too  great  a  tendency 
to  neglect  it  altogether. 

44-  The  traffic  of  railways  is  often  spoken  and  thought  of 
as  for  the  most  part  a  monopoly.  In  a  certain  sense,  of  a  cer> 
tain  small  part  of  its  traffic,  this  is  true,  as  already  noted,  to  the 
extent  that  there  is  a  certain  fraction  of  the  traffic  of  all  railways 
which  no  folly  can  destroy  or  throw  away.  But  in  a  larger  sense, 
the  traffic  of  any  and  all  railways  is  only  to  a  very  limited  ex- 
tent a  monopoly  of  such  nature  that  to  secure  it  the  Company 
has  nothing  more  to  do  than  to  put  up  its  buildings,  and  station 
a  man  at  the  receipt  of  customs.  The  selling  of  transportion  is 
governed  to  a  very  large  extent,  whether  there  be  nominal  com- 
petition or  not,  by  the  same  laws  which  govern  the  selling  of 
any  other  commodity;  and  these  laws  require  that  the  railway 
company,  like  any  one  else  with  something  to  sell,  shall  consult 
tlie  convenience,  and  even  sometimes  the  unreasonable  whims, 
of  the  buyer,  if  it  would  sell  its  goods  to  him. 

45.  For  only  a  small  proportion  of  the  traffic  of  any  railway 
is  in  the  strict  sense  of  the  term  necessary  traffic,  which  must 
come  to  it  anyway,  under  all  circumstances.  The  amount  of 
such  traffic  is  measured,  when  a  railway  system  is  first  coming 
into  existence,  by  the  stage-coach  travel  as  respects  passenger 
business,  and  by  the  carting  on  the  common  roads  as  respects 
freight  business.  Under  the  stimulus  Which  the  bare  existence 
of  any  kind  of  railway  facilities  gives  to  the  development  of  any 
country,  the  volume  of  this  strictly  necessary  travel  is  no  doubt 
increased  many-fold.  Nevertheless  no  railway  is  so  prosperous 
and  so  favorably  situated  that  it  would  not,  in  literal  truth, 
starve  to  death  on  it.     The  traffic  would  be  so  very  greatly  de- 
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creased  that  on  most  lines  it  would  not  be  possible  to  run  the 
trains  at  all.  Neglecting  altogether  the  traffic  which,  as  respects 
any  one  company,  is  not  necessary,  because  it  has  a  choice  of 
routes,  and  one  line  has  to  fight  for  it  with  others,  a  very  large 
proportion  of  the  business  of  the  railway  system  as  a  whole  is 
made  up,  as  respects  passenger  business,  not  only  of  pleasure 
travel  pure  and  simple,  but  of  travel  which  is  more  or  less  a  mat- 
ter of  whim  or  of  fancied  or  partial  necessity;  and  even  as  respects 
freight  business,  of  freight  which  will  not  be  shipped  except  un- 
der reasonably  favorable  circumstances,  especially  by  any  one 
route,  or  shipped  only  at  a  lower  rate  :  so  that  the  rates  must  be 
solely  fixed,  not  by  the  cost  bf  the  service,  but  by  the  price  it 
will  bear  without  discouraging  traffic. 

46-  It  will  be  evident  therefore  that,  since  we  have  already 
seen  the  vital  importance  to  railways  of  making  the  largest 
possible  sales  of  their  wares,  and  since  a  large  part  of  their 
sales  are  of  such  nature  that  they  may  be  easily  discouraged  and 
prevented,  any  failure  to  facilitate  traffic  to  the  utmost  is  a  se- 
rious matter.  The  question  of  encouraging  or  discouraging 
traffic  by  the  facilities  offered  will  depend  in  the  main,  no  doubt, 
upon  the  manner  of  operating  the  road  after  it  has  opened;  yet 
in  one  respect  at  least  (postponing  for  the  present,  as  noted,  the 
discussion  of  the  first,  fourth,  and  fifth  considerations  above)  it 
is  possible  in  the  beginning  to  seriously  and  permanently  affect 
the  future  traffic  of  the  line :  viz.,  by  going  on  the  principle, 
which  has  often  been  followed  in  the  practice,  that  *'  if  the  rail- 
way DOES  NOT   GO  TO   THE   TRAFFIC,  THE    TRAFFIC  WILL   COME    TO 

THE  RAILWAY."  This  argument  is  sometimes  gravely  advanced 
in  support  of  the  plea  that  it  is  of  no  particular  importance 
whether  the  line  pass  through  a  town  or  a  mile  or  two  off 
from  it,  because  in  either  case  the  line  will  get  ''  all  the  business 
there  is."  From  the  very  fact  that  there  is  a  grain  of  truth  in 
this  plea  lending  a  certain  support  to  that  cheapest  of  all 
ways  of  saving  money, — and  perhaps  saving  a  little  distance 
and  curvature  at  the  same  time, — keeping  the  line  off  all  land 
which  is  worth  any  considerable  price,  it  is  important  that  it 
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should  be  fully  realized  why  it  is  a  dangerous  and  fallacious 
argument. 

47.  It  is  particularly  easy  to  see  that  the  argument  is  both 
dangerous  and  fallacious  when  there  is,  or  is  liable  to  be,  com- 
petition for  the  traffic,  or  any  part  of  it,  as  may  be  said  to  be 
always  the  case,  at  least  potentially,  in  the  United  States.  In  that 
case,  the  only  safe  rule  is,  that  any  considerable  difference  in  haul 
to  the  station  or  in  any  other  convenience  to  the  public  will  al- 
most wholly  destroy  the  possibility  of  profit  from  the  traffic  to  be 
competed  for,  even  if  a  portion  be  secured.  For  it  might  be 
proved  by  many  instances  that  it  requires  but  a  very  slight  dif- 
ference in  the  convenience  of  access  to  practically  destroy  all 
equality  of  competition.  Except  for  the  very  numerous  in- 
stances of  entire  neglect  of  this  danger  it  would  hardly  seem 
necessary  to  speak  of  the  matter  at  all  ;  for  it  is  evident  that,  as 
respects  freight  traffic,  rates  must  in  the  long-run  be  made 
equal,  not  simply  from  station  to  station,  h\iX.from  the  door  of  the 
consignor  to  the  door  of  the  consignee :  in  other  words,  all  additional 
cost  for  cartage  or  switching  service,  and  something  more  as 
compensation  for  the  trouble  (usually  a  very  considerable  addi- 
tion), must  be  borne  by  the  railway  before  it  is  in  a  position  to 
compete  at  all.  As  respects  passenger  traffic,  to  a  certain  class 
ot  long-trip  travel  such  minor  differences  are  of  less  importance, 
but  there  is  a  considerable  fraction  even  of  long-trip  travel  on 
which  they  have  a  recognized  and  important  influence ;  and  de- 
vices of  all  kinds — free  omnibuses,  more  or  less  open  concessions 
on  rates,  etc.,  etc. — are  required  to  counteract  what  may  have 
been  a  mere  oversight,  or  bit  of  indifferent  negligence,  in  the 
original  laying  out  of  the  line. 

48.  Let  us  imagine  an  instance  which  has  frequently  hap- 
pened already,  and  still  more  frequently  will  happen  :  A  num* 
ber  of  good-sized  towns,  ten  to  fifty  miles  apart,  served  by 
two  competing  lines  ;  one  of  them  coming  appreciably  nearer 
to  the  average  centre  of  population  than  the  other.  It  is  abun- 
dantly established  by  experience  that  in  such  a  case  the  favored 
line  can  by  a  moderate  amount  of  effort — which  may  be  counted 
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on  with  some  certainty — not  simply  cripple,  but  almost  destroy, 
its  rival's  local  traffic.  For  "  to  him  that  hath  shall  be  given," 
with  short-haul  traffic  especially.  If  one  line  start  with  any  ad- 
vantage, that  very  fact  will  tend  to  increase  it.  It  will  have  a 
better  reputation.  It  can  offer  better  facilities.  The  tendency 
of  the  traffic  of  all  kinds  will  be  to  concentrate  itself  upon  it — 
just  as  water  always  seeks  the  lowest  point,  however  little  lower 
it  may  be.  Even  when  a  railway  can,  or  thinks  it  can,  count  on 
permanent  immunity  from  competition,  it  should  naturally  fol- 
low from  what  has  preceded  that  it  is  still  exceedingly  dangerous 
to  put  the  public  to  permanent  inconvenience  and  expense  under 
the  false  idea  that  "  it  will  cost  the  Company  nothing."  Undci 
the  best  of  circumstances  there  will  always  be  some  loss;  and  the 
slightest  addition  to  receipts,  which  might  have  been  secured 
but  is  not,  would  have  gone  almost  in  gross  to  swell  the  surplus, 
The  slight  additional  trouble  and  expense  to  shippers  of  ail 
freight,  and  the  horse-car  and  cab  fares  of  passengers,  must  be 
paid  for  sooner  or  later,  in  one  form  or  another,  by  the  corpora- 
tion, if  in  no  other  form  than  in  a  decrease  of  traffic.  It  is  not 
true  that  nothing  which  will  still  leave  rates  at  so  much  a  mile, 
without  immediately  affecting  them  at  this  or  that  non-competi- 
tive point,  is  of  importance  to  the  Company  or  has  effect  upon 
its  revenue. 

49.  The  universal  law  of  trade  ultimately  obtains  with  sales 
of  transportation  as  of  everything  else.  The  selling  price,  the 
amount  sold,  and  the  profit  realized  on  all  articles  of  bargain 
and  sale  is  ultimately  regulated  by  the  quality  of  the  article  and 
the  price  the  consumer  is  willing  and  able  to  pay,  and  this  again 
is  greatly  affected  even  by  trifling  differences  of  convenience. 
We  may  see  this  illustrated  every  day  by  the  difference  in  price 
of  the  same  article  at  fashionable  and  unfashionable  stores  ;  and 
even  when  there  is  but  one  point  at  which  a  certain  desired  ar- 
ticle can  be  bought,  it  is  a  truth  universally  admitted  amon^ 
business  men  that  minute  differences  in  the  price  or  the  quality 
of  the  article,  or  in  convenience  of  access  to  the  place  of  sale,  do 
have  a  material  influence  on  the  volume  of  sales,  especially  in 
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such  articles  as  are  to  be  sold  in  great  numbers  to  the  general 
public.  That  precisely  the  same  argument  applies  to  railways 
can  be  denied  only  by  asserting  that  the  patronage  of  a  railway 
is  strictly  a  matter  of  necessity — a  pure  monopoly,  except  as 
competed  for  by  another  railway  ;  but  this,  even  if  it  were  true 
of  the  greater  portion  of  traffic,  would  certainly  not  be  true  at  all 
of  the  remaining  fraction,  and  it  is  ordinarily  this  remaining 
fraction  which  alone  makes  the  business  of  operating  the  prop- 
^rty  worth  carrying  on  by  the  company  controlling  it :  for  let  us 
suppose  that  by  systematic  negligence  at  several  points  in  the 
original  laying  out  of  a  line  a  corporation  should  succeed  in  af- 
fecting its  gross  yearly  revenue  so  much  as  one  per  cent  It 
would  represent  certainly  five  to  ten  per  cent,  and  very  possibly 
one  hundred  per  cent,  of  the  value  of  the  franchise  owned  by  the 
corporation,  which  is  usually  all  they  do  own,  and  sometimes  a 
good  deal  more. 

GO.  If  it  should  seem  improbable  that  any  possible  error  of 
this  kind  could  so  affect  revenue,  it  must  be  admitted  that  it  is 
difficult  and  in  fact  impossible  to  produce  statistical  proof,  nor 
would  such  proof,  even  if  produced  for  one  locality,  be  applicable 
elsewhere;  but  a  striking  example,  among  many,  of  the  natural 
effect  of  such  reckless  neglect  may  be  found  at  the  town  of 
Springfield,  Ohio.  A  dispute  about  a  trifling  sum  (about 
$50,000)  of  town  aid  to  the  Atlantic  &  Great  Western  Railway, 
now  the  New  York,  Pennsylvania  &  Ohio  Railroad,  caused  the 
manager  of  the  road  to  run  the  line  two  or  three  miles  from  the 
town — and  this  with  a  slight  increase,  if  anything,  in  the  dis- 
tance, curvature,  and  cost.  This  town  has  since  become,  as  even 
then  was  probable,  one  of  the  best  shipping  points  in  the  State; 
and,  purely  in  consequence  of  its  inconvenient  location,  the 
Atlantic  &  Great  Western  secures  only  an  inconsiderable  frac- 
tion of  this  traffic,  both  freight  and  passenger.  Its  annual  loss 
of  net  revenue  is,  beyond  all  question,  considerably  larger  than 
the  whole  sum  originally  in  dispute;  and  the  disadvantage  was 
'so  serious  that,  very  recently,  arrangements  to  run  into  the 
town  over  another  line  were  made  at  heavy  cost,  while  still 
leaving  the  line  at  an  immense  disadvantage. 
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91.  In  this  occurrence  there  is  nothing  exceptional,  even  in 
degree.  There  is  hardly  a  town  of  any  importance  in  the 
United  States  in  which  some  one  of  the  lines  running  to  it  ha9 
not  done  precisely  the  same  thing ;  so  that  it  is  known  of  all 
men  to  be  at  grave  disadvantage  in  respect  to  some  portion  of 
its  natural  traffic,  whether  long-haul  and  short-haul,  and 
whether  passenger  and  freight.  That  natural  and  not  unreason- 
able trait  of  human  nature  embodied  in  the  homely  proverb, 
''Give  a  dog  a  bad  name  and  hang  him,"  then  comes  in  to  inten- 
sify this  disadvantage.  This  in  turn  begets  a  poverty  of  means, 
which  begets  a  poverty  of  service,  which  still  further  increases, 
and  justifies  on  rational  grounds,  what  may  have  been  in  the 
beginning  a  rather  unreasonable  popular  prejudice;  and  the  end, 
in  all  probability,  is  a  receivership.  It  will  be  found,  on  looking 
over  a  list  of  roads  which  have  failed  in  this  way,  that,  almost 
without  exception,  they  are  those  which  merely  skirt  the  edges  ov 
the  towns  which  they  nominally  reach. 

52.  The  effect  on  short-haul  traffic  of  negligence  oi 
this  kind  is,  as  already  hinted,  far  more  serious  proportionally, 
than  in  the  case  of  longer  haul — not  only  because  it  is  far  more 
likely  to  drive  the  traffic  to  other  lines,  when  such  exist,  but  be- 
cause it  is  far  more  likely  to  have  the  still  further  effect  of  de- 
stroying a  portion  of  the  potential  traffic  completely.  The 
longer  the  journey  or  the  haul,  evidently,  the  less  effect  will  any 
trifling  inconveniences  have,  and  the  proportional  as  well  as  ab- 
solute loss  will  naturally  be  less  at  small  towns  than  large  ones — 
especially  than  at  very  large  ones  where  there  is  a  regular  and 
established  suburban  traffic.  Nevertheless  no  town  is  so  small 
that  the  short-haul  local  traffic  is  not  materially  affected  by  tri- 
fling difference  of  convenience  of  access.  Differences  which 
originate  in  the  subsequent  management  of  the  operating  de- 
partmenty  better  cars,  time,  meals,  train  employees,  surer  con* 
nections,  etc.,  may  have,  it  has  been  admitted,  relatively  much 
more  effect  than  a  mere  difference  in  convenience  of  access  to 
the  station ;  but  the  latter,  unlike  the  former,  cannot  be  cor- 
rected at  any  time,  and  in  trips  of  ten  to  twenty  or  fifty  or  even 
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one  hundred  miles,  the  mere  fact  that  the  station  is  (or  is  not) 
convenient  for  taking  and  leaving  the  train  is  alone  enough  to 
have  a  powerful  influence  upon  the  number  of  such  trips,  es- 
pecially in  bad  weather,  but  to  an  important  extent  in  all 
weather,  with  the  weaker  three  quarters  of  the  population  at 
least. 

03,  In  very  much  less  degree  even  the  volume  of  non-com- 
petitive FREIGHT  SHIPMENTS  is  similarly  affected;  besides  the 
fact  that  it  must  be  assumed,  for  reasons  already  stated,  that  the 
rates,  in  the  long-run  and  in  some  direct  or  indirect  form,  will 
certainly  be  affected  likewise.  Sooner  or  later,  in  one  form  or 
another,  the  railway  will  be  compelled  to  make  concessions 
equivalent  to  paying  for  the  cost  and  annoyance  of  cartage  on 
much  of  its  traffic,  and  lose  altogether  more  than  enough  to  pay 
for  carting  the  whole  of  it.  There  is  no  clearer  moral  than  this 
to  be  drawn  from  recent  railway  history. 

94.  It  is  also  unmistakably  evident  from  recent  history  that  it 
IS  impossible  to  maintain  more  than  a  reasonable  ratio  of  dispro- 
portion in  rates  between  competitive  and  non-competitive  rates, 
and  between  rates  on  one  class  of  freight  and  another,  even  for 
those  classes  of  freight  which  do  not  seem  to  be  affected  by  any 
immediate  cause  tending  to  have  this  effect.  A  clear  indication 
of  the  existence  of  this  law  may  be  found  in  Tables  93-5.  It  is 
now  too  well  known  and  generally  admitted  to  require  more  pre- 
cise evidence. 

55.  There  is  one  peculiar  phase  of  the  question  of  running  by 
A  TOWN  TO  SAVE  DISTANCE  which  may  be  more  appropriately  con- 
sidered in  this  connection,  as  illustrating  what  has  preceded, 
than  in  the  chapter  on  Distance. 

Let  us  suppose,  to  take  definite  figures,  that  we  have  run  by  a 
town  of  ten  thousand  inhabitants  in  order  to  save  a  deviation  of 
five  miles  from  an  air  line,  involving  a  loss  of  a  mile  or  two  of 
distance.  As  we  have  already  seen  in  part,  and  shall  more  fully 
see  (Chap.  VII.),  the  railway's  revenue  account  suffers  heavy  loss 
due  to  the  decreased  mileage  on  most  of  its  local  and  through 
business,  competitive  and  non-competitive.    Per  contra^  its  ex- 
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pense  account  is  decreased  indeed,  but  in  very  much  less  ratio. 
The  probabilities  are  very  strong  that  there  will  be  a  net  loss  to 
the  revenue.  This  might  well  be  borne  if  it  meant,  as  in  ordi- 
nary cases,  simply  a  reduction  of  the  transportation  tax  upon 
the  traveller  or  shipper  of  freight,  but  how  stands  it  with  the 
latter?  They  save,  indeed  (in  the  case  of  local  traffic  only,  but 
not  in  the  case  of  through  traffic),  the  two  or  three  cents  per 
mile  which  the  railway  loses,  owing  to  its  shorter  line  ;  but  they 
lose  the  entire  direct  cost  of  cartage  or  switching  charges  on 
their  freight  and  carriage,  express  or  horse-car  fares  for  their 
own  conveyance,  besides  suffering  an  annoyance  and  inconveni- 
ence in  both  cases  which  they  will  surely  estimate  at  a  good 
round  sum:  In  money,  when  by  the  existence  of  competition  they 
are  able  to  throw  the  whole  of  both  of  these  losses  on  the  rail- 
way which  seeks  their  patronage  from  a  distance  ;  in  refusal  of 
patronage,  except  under  great  concessions  or  the  compulsion  of 
necessity,  when  through  absence  of  competition  they  cannot 
otherwise  shift  the  burden  from  their  own  shoulders. 

Thus,  under  any  possible  conditions,  in  such  a  case  there  is  a 
triple  loss:  The  tax  on  the  public  is  greater,  the  receipts  of  the 
railway  are  less  per  passenger  or  ton,  and  the  number  of  pas- 
sengers or  tons  is  decreased. 

56.  The  net  losses  might  be  estimated  something  in  this  way, 
assuming  the  town,  say,  to  be  in  Ohio: 

Loss  TO  THE  Railway. 

Loss  of  traffic  per  head,  by  being  5  miles  instead  of  i  from  centre  of 
population  (say  40  per  cent :  Table  13),  on  a  natural  revenue  per 
head  of  $10,  or  $100,000  from  the  town $40,000 

Loss  of  revenue,  due  to  one-mile  haul  on  $60,000  of  traffic — say  three 

per  cent • 1,800 

$41,800 
/Vr  contra  :  saving  of  expense  on  same,  at  40  per  cent  on  the  total  ex- 
penses, or  26|  (40  X  I)  per  cent  on  the  total  revenue n*  148 

Net  loss  to  railway $30,652 
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Loss  TO  THK  IxDiriiKrAL  Patbokil     - 

Expenses  of  rraching  the  nil«a]r  from  m  point  5  oiilci  off.  at  50  cents 

per  passenger  or  coo.  probably  about $15,000 

Less  saTing  bj  reduced  pajments  to  the  railway,  as  above. 1.800 

Set  loss  to  the  pablk $S3,soo 

Destroyed  bosiness.  which  the  pabllc  woold  have  been  glad  to  enjoy 
and  pay  for.  as  shown  by  experience,  and  which  hence  w«Nikl  have 
been  worth  its  cost  to  them — say  one  third  of  the  40  per  cent  (as 
aboTC)  of  f  100.000,  the  rest  going  to  some  other  line. X3t900 

Net  loss  special  to  the  pablic,  per  year $36,500 

Net  loss  special  to  the  railway,  per  year 30f65S 


Aggregate  loss  to  the  commiuity,  per  year $67,159 

Which  means  from  the  point  of  view  of  political  economy^ 
and  as  a  plain  statement  of  a  fact  which  would  appear  in  the 
census  statistics,  that  the  capital  of  the  country  and  the  world 
is  less  than  it  otherwise  would  be  by  the  capital  sum  of  which 
$67,152  represents  the  interest,  or  (at  six  per  cent)  $iyii<^20o; 
the  whole  of  which  is  clear  loss,  by  which  no  one  is  benefited. 

57.  A  few  hack  men  and  expressmen  are,  indeed,  diverted 
*rom  working  elsewhere,  where  they  would  be  true  producers, 
into  earning  a  support  by  performing  what  might  have  been  a 
needless  service.  It  is  plain  that  by  this  diversion  they  are, 
individually,  neitlier  benefited  nor  injured,  so  that  they  simply 
do  not  enter  into  the  question  at  all,  even  from  the  point  of  view 
of  political  economy.  We  are  not,  however,  studying  political 
economy,  but  the  art  of  directing  private  investment  in  railway 
property  so  as  to  be  profitable,  not  primarily  to  the  general 
public,  but  to  the  projectors. 

Making  all  allowances  for  possible  errors  in  the  precise  fig- 
ures used  above,  it  represents  an  immense  loss  to  all  parties  from 
running  railways  by  towns  without  going  to  them,  so  far  as  the 
traffic  of  that  town  alone  is  concerned,  separately  considered. 
There  is,  however,  this  further  disadvantage  to  be  remembered : 
if  we  lengthen  the  line  to  reach  a  town  we  necessitate  that  the 
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whole  traffic  shall  be  hauled  over  this  extra  distance  in  order  to 
accommodate  the  traffic  of  one  town. 

58.  This  raises  the  general  question  of  the  value  of  distance, 
for  which  see  Chapter  VII.  It  need  only  be  premised  here,  what 
has  been  in  fact  already  said,  that  although,  as  a  mere  question 
of  political  economy,  the  cost  of  this  extra  haul  is  certainly  a  net 
loss,  conferring  no  added  value  on  the  service  rendered,  yet  to 
the  revenues  of  the  railway  only,  considered  as  a  private  enter- 
prise for  profit,  this  is  by  no  means  the  case,  since  there  is  always 
a  credit  as  well  as  a  debit  side  to  the  extra  haul.  It  is  not 
uncommon  to  hear  engineers  speak  and  act,  indeed,  as  if  the 
extra  haul  were  a  mere  burden  on  the  traffic  :  which  would  be 
true  enough  if  railways  w^re  charitable  institutions  built  by 
moneyed  philanthropists  with  the  sole  purpose  of  serving  the 
public,  and  which  is  always  true  with  respect  to  that  consider- 
able fraction  of  traffic  on  which  neither  the  amount  nor  the  dis- 
tribution of  the  gross  rate  is  modified  by  the  distance.  But,  as 
matters  actually  stand,  it  may  be  rudely  stated  here  that,  as  the 
actual  cost  of  such  trifling  extra  haul  is  very  little,  the  net  effect 
of  such  deviation  for  such  a  purpose  is  very  apt  to  have  a  favor- 
able effect,  if  any  (sometimes  a  decidedly  favorable  effect),  upon 
the  net  revenue  derived  from  the  entire  traffic,  independent  of 
that  from  the  particular  point  for  the  sake  of  which  the  devia- 
tion was  made,  as  well  as  upon  the  public  interest. 

For  one  most  important  reason  why  this  should  be  so,  see  Chapter  XXI. 

59.  It  is  true  that,  in  so  far  as  the  burden  upon  the  general 
traffic  may  be  increased,  there  is  a  tendency  to  compel  the  cor- 
poration to  reduce  rates  on  all  traffic  to  the  point  which  it  will 
bear,  instead  of  making  non-competitive  rates  strictly  according 
to  distance  ;  and  in  urging  that  a  railway  will  '^  get  something 
for  nothing"  out  of  extra  haul,  the  previous  claim  (par.  46  et  seq,) 
may  seem  to  be  contradicted,  that  even  slight  burdens  on  traffic 
are  dangerous ;  but  it  is  evidently  a  very  different  matter  for  a 
railway  to  take  measures  which  make  its  own  charges  on  all 
traffic  a  trifle  higher  to  relieve  a  part  of  it  from   other  and 
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heavier  burdens,  and  to  take  a  course  which  throws  a  heavy 
burden  on  its  own  traffic  and  on  its  patrons  as  well,  by  provid- 
ing facilities  for  a  lot  of  outside  parties — teamsters,  hackmen, 
and  horse-car  lines — to  extract  a  percentage  foreyer  of  the  total 
payments  which  the  traffic  has  to  bear. 

60.  Admitting,  therefore,  that  differences  of  location  may 
have  a  material  effect  on  the  revenue,  it  becomes  important  to 
remember  that,  as  we  have  already  seen,  as  small  a  difference  as 
one  per  cent  in  gross  revenue  will  ordinarily  represent  from 
three  to  six  per  cent  in  net  revenue,  and  from  six  to  twelve  or 
fifteen  percent  difference  in  profits  to  the  company  proper, after 
their  rental  or  interest  charges  have  been  met,  even  in  the  most 
prosperous  companies,  and  from  that  up  to  many  hundred  per 
cent  in  those  less  favored.  Remembering  also  that  errors  in  the 
original  laying  out  of  the  line,  unlike  errors  in  subsequent  man- 
agement, are  mainly  irremediable, — a  kind  of  fixed  charge  for 
folly  forever, — it  will  be  seen  how  large  is  the  interest  of  the 
company  who  employ  and  pay  the  engineer  in  avoiding  all  errors 
of  the  kind,  and  how  particularly  important  it  is  that  no  possible 
difference  should  be  regarded  as  trifling  because  it  will  consti- 
tute a  trifling  part  of  the  total  receipts  or  expenses.  It  is  only 
a  small  fraction  of  that  total  which  *'  the  company"  has  even  the 
hope  of  retaining  to  itself. 

When  the  cream  of  their  traffic,  the  profit  traffic,  is  lost 
to  them,  all  is  lost  ;  and  although  it  is  often  true  that  the  busi- 
ness sagacity,  or  lack  of  it,  with  which  the  enterprise  as  a  whole 
has  been  planned  will  overcome  all  that  the  engineer  can  do  to 
make  or  mar  it,  so  that  the  enterprise  will  succeed  or  fail  in  spite 
of  him,  yet  it  is  always  true  that  a  heavy  percentage  of  the 
surplus  or  deficit  which  alone  concerns  the  company  proper- 
enough,  for  instance,  to  make  all  the  difference  between  a  great 
success  and  a  small  success,  or  a  great  failure  and  a  small  fahure 
— is  strictly  dependent  upon  the  engineer  and  upon  those,  by 
whatever  name  they  may  be  called,  who  decide  with  him,  or  for 
him,  the  semi-engineering  and  semi-commercial  questions  which 
we  have  here  considered. 
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61.  Therefore,  with  an  end  so  important  before  us,  any  guide 
is  better  than  none,  in  order  that  we  may  reduce  the  unavoida- 
ble uncertainty  to  its  lowest  terms  ;  and  under  these  circum- 
stances a  rule  which  the  writer  has  formulated  as  a  sort  of  gen- 
eral average  to  estimate  exceptions  from  is  this : 

As  A  MINIMUM  :  At  the  smallest  and  most  inert  non- competitive 
points  the  annual  loss  of  revenue  from  placing  the  station  at  a  distance 
from  town  may  be  taken  as  equivalent  to  lo per  cent  of  the  revenue  nat- 
urally originating  from  such  a  town,  with  the  station  in  any  given  loca- 
tion, for  each  additional  mile  that  the  station  is  morjed  off  from  the 
centre  of  the  town. 

As  A  MAXIMUM  :  At  centres  of  considerable  manufacturing  or  com- 
mercial activity^  exposed  to  considerable  actual  or  potential  competition^ 
a  fair  and  moderate  estimate  of  the  probable  loss  of  revenue  from  re- 
moving the  station  to  a  distance  will  be  25  per  cent  of  the  revenue 
naturally  originating  at  such  a  town,  for  each  additional  mile  that  the 
station  is  moved  off  from  the  centre  of  the  town  j  and  this  is  frequently 
liable,  in  cases  of  very  sharp  competition,  to  amount  to  as  much  as  $0 
per  cent  of  the  natural  revenue,  including  all  the  indirect  effects  of  such 
disadvantages. 

The  first  of  these  estimates  the  writer  has  considered  to  be 
applicable  to  such  towns  as  the  average  of  interior  Mexico.  It  is 
below  any  class  of  towns  in  the  United  States  or  Canada,  ex- 
cepting the  strictly  rural  regions  consuming  and  producing  little 
freight  shipped  by  rail.  The  last  is  a  fair  average  (varying  how- 
ever within  wide  extremes)  of  all  the  busier  towns  and  cities  of 
the  United  States. 

62.  The  causes  of  variations  are  : 

1.  Manufacturing  and  especially  mining  towns  are  usually 
heavy  shippers. 

2.  Towns  which  are  the  seats  of  special  industries  often  make 
payments  to  railways  out  of  all  proportion  to  their  apparent  size 
and  activity. 

3.  The  number  of  competing  lines  will  greatly  affect  the  pro- 
portion tributary  to  any  one  line. 

And  many  other  like  causes.     Nothing  definite  can  be  pre- 
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dieted  about  any  one  town  from  any  figures  in  this  chapter,  but 
for  the  average  town  they  are  believed  to  be  fair. 

They  are  the  result  of  much  comparison  of  earnings  by  dif- 
ferent lines  at  large  and  small  towns  made  by  the  writer  at  dif- 
ferent times,  with  an  effort  to  estimate  the  true  cause  of  their 
disadvantages  ;  but  to  attempt  to  defend  them  in  deuil,  except 
as  the  volume  as  a  whole  may  do  so,  would  occupy  too  much  space. 

Table  13. 


Coluniai  a  uid  4. — Loss  per  cent  of  (olal  natural  reveoue  lot  each  additknul  mile  tA 
distance. 

Colunim  3  and  s- — Remaininf  per  tent  o(  natural  revenue  left  to  the  companj. 

The  effect  of  this  rule  is  presented  numerically  in  Table  13, 
the  percentages  being  in  geometrical  ratio  to  each  other,  so  that 
any  number  in  the  column,  divided  by  the  first  or  second  or  third 
Dumber  above  it,  gives  always  the  same  quotient. 

Under  this  table,  the  percentage  of  loss  for  each  additional 
mile  the  sution  is  moved  away  is  the  same  under  all  c!rciim< 
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Stances,  although  the  absolute  loss  is  much  less  as  the  distance 
increases. 

63.  The  above  rule,  it  should  be  repeated,  is  not  offered  as 
in  any  way  precise,  or  perhaps  even  safe.  Such  an  estimate 
must  always  remain,  for  the  most  part,  a  question  of  judgment. 
That  is  the  author's  judgment.  He  claims  no  more  solid  basis 
for  it  than  that  in  many  single  instances  there  lias  been  an  actual 
difference  in  the  receipts  of  competing  lines  at  the  same  point, 
or  in  the  receipts  of  the  same  line  at  points  at  different  distances 
from  it,  but  otherwise  very  similarly  situated,  which  closely  cor- 
respond with  the  figures  given. 

64.  As  an  example  of  the  working  of  the  above  rule,  to  run 
two  miles  off,  instead  of  one,  from  the  centre  of  a  town  of  io,ooo 
people  would  involve  as  a  minimum  a  loss  of  9  per  cent  of  the 
natural  revenue  from  such  a  town,  or  from  $1800  to  $2700  per 
year.  If  the  town  were  an  active  business  place  this  might 
easily  be  several  times  this  amount,  and  if  competition  were 
a  factor  of  the  problem  it  would  be  very  certain  to  be.  If 
it  were  a  question  of  running  into  a  town  instead  of  a  mile 
away,  the  loss  would  also  be  liable  to  be  very  much  greater  than 
the  table  above  indicates,  since  the  stimulating  effect  of  better 
transportation  might  change  the  whole  character  of  the  town, 
besides  the  natural  effect  of  a  given  difference  of  distance.  The 
question  would  be  affected  likewise  by  the  character  of  the  ter- 
mini,  etc.,  etc. 

65.  As  an  instance  from  actual  practice,  two  important  Mexi- 
can towns,  of  a  population  of  about  100,000  and  60,000  respec- 
tively, and  about  forty  miles  apart,  with  considerable  natural 
traffic  between  them,  were  left  distant  respectively  two  and  a 
half  miles  and  four  and  a  half  miles  from  the  nearest  point  of 
the  projected  line.  It  was  a  question  whether  to  bring  the  rail- 
way nearer  to  the  towns,  in  which  case  both  stations  would  be 
half  a  mile  from  the  centre  of  population  : 

If  we  might  assume  the  above  minimum  to  be  correct,  the 
certain  loss  on  all  the  traffic  contributed  to  the  railway  by  these 
ft 
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general  question  of  how  near  to  bring  the  line  to  towns,  which 
we  have  just  been  discussing.  Nevertheless,  from  the  fact  that 
the  terminal  towns  are  usually  by  far  the  most  important  on  the 
line  and  likewise  the  most  costly  points  to  approach  closely,  sound 
business  judgment  is  violated  more  frequently  and  more  danger- 
ously at  such  points  than  at  points  along  the  line.  Had  it 
not  so  often  happened  that  lines  which  have  expended  mil- 
lions for  the  construction  of  long  lines  to  a  certain  place  have 
then  begrudged  or  failed  to  raise  the  necessary  additional  per- 
centage to  carry  their  line  into  it,  contenting  themselves  with 
hanging  on  to  the  skirts  of  the  town  somewhere,  where  they  can 
be  reached  by  horse-cars  or  hacks  and  drays,  it  would  seem  in- 
credible that  business  corporations  could  so  frequently  commit 
an  act  of  folly  which  can  fairly  be  paralleled  with  that  of  build- 
ing a  long  bridge  and  erecting  eveiy  span  but  one — assuming, 
on  account  of  some  difficulty  with  foundations,  or  what  not,  that 
a  ferry  would  be  good  enough  for  that,  because  it  would  be 
**  such  a  little  one."  The  lines  which  do  or  have  pursued  this 
course  will  be  found  to  be  those  which  figure  most  prominently 
in  the  list  of  bankrupt  corporations  ;  and  the  evidence  of  that 
fact  is  so  patent  to  any  one  who  will  take  a  list  of  such  and  study 
it  over,  that  it  is  needless  to  add  more  to  what  has  been  already 
said  than  to  note  the  great  sums  which  successful  properties  spend 
in  reaching  the  heart  of  great  cities  to  remedy  former  errors. 

69.  In  England  hundreds  of  millions  have  been  expended  for 
this  purpose,  and  tens  of  millions  at  the  snvaller  towns  alone.  In 
America  we  are  far  more  backward  than  the  best  interest  of  the 
properties  requires  :  but  many  such  works  have  been  recently 
carried  through,  one  example  of  which  is  the  new  entrance  of  the 
Pennsylvania  Railroad  into  the  city  of  Philadelphia  ;  ^hile  at 
New  York,  Boston,  St.  Louis,  and  other  cities  similar  improve- 
ments have  been  made  or  are  being  projected  on  a  lavish  scale. 
Certainly  it  has  never  been  questioned  that  the  Philadelphia  ter- 
minus was  an  expedient  investment,  and  we  may  be  sure  that  it 
was  not  undertaken  with  any  other  view  by  the  management  of 
the  company.     It  was  executed  almost  wholly  for  the  local  con* 
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venience  of  Philadelphia,  and  consisted  in  carrying  in  the  com- 
pany's tracks  on  an  elevated  structure  to  a  point  very  near  to 
the  centre  of  the  city.  It  was,  moreover,  an  expenditure  to  which 
the  company  was  not  driven  by  competition,  except  as  to  a  small 
part  of  their  traffic,  for  they  had  good  facilities  for  both  freight 
and  passengers  ;  facilities  as  conveniently  accessible  as  they  well 
could  be  by  horse-cars — that  ever-ready  excuse  for  neglecting  to 
bring  railway-stations  into  the  centre  of  population.  Some  in- 
crease of  space  was  indeed  desirable,  but  it  might  have  been  se- 
cured much  more  cheaply  in  other  ways,  had  the  company 
deemed  it  expedient. 

The  Philadelphia  improvement  cost  about  $4,590,000,  of 
which  about  half  was  for  land  only  ;  or  about  $5  per  head  of  the 
population  concerned,  the  interest  on  which  at  five  per  cent  is 
about  $225,000  per  annum,  or  twenty-five  cents  for  each  man, 
woman,  and  child  of  the  population — a  sum  which  should  be 
largely  increased,  perhaps  doubled,  for  the  indirect  loss  on  in- 
vestments already  made,  and  from  operating  expenses  for  haul- 
ing the  whole  traffic  into  and  out  of  the  new  station,  to  which  the 
system  of  roads  centring  there  had  not  been  originally  adapted. 

It  is  to  be  presumed,  of  course,  that  the  value  of  this  improve- 
ment to  the  corporation  is  expected  to  be  considerably  more 
than  this.  Nor  does  such  expectation  seem  unreasonable  ;  for, 
independent  of  all  necessity  for  competition,  experience  at  other 
points  proves  that  it  would  be  a  paying  investment,  from  its 
direct  and  indirect  effect  to  encourage  new  traffic. 

In  the  company's  report  for  1881  it  was  stated — 

"The  cost  of  this  work  is  already  having  a  marked  effect  on  the  develop- 
ment of  local  traffic ;  and  it  is  believed  that,  in  addition  to  its  great  value  to 
through  and  competitive  business,  it  will  in  a  few  years,  by  its  promotion  of 
suburban  trains  reaching  the  park  and  other  portions  of  the  city,  and  its 
stimulus  to  the  traffic  before  referred  to/ fully  realize  all  that  was  contemplated 
at  the  tfme  of  its  original  construction." 

At  the  time  of  this  report  there  were  some  two  hundred  pas- 
senger trains  into  and  out  of  Broad  Street  Station  daily.  There 
are  now  about  fifty  per  cent  more. 
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general  question  of  how  near  to  bring  the  line  to  towns,  which 
we  have  just  been  discussing.  Nevertheless,  from  the  fact  that 
the  terminal  towns  are  usually  by  far  the  most  important  on  the 
line  and  likewise  the  most  costly  points  to  approach  closely,  sound 
business  judgment  is  violated  more  frequently  and  more  danger- 
ously at  such  points  than  at  points  along  the  line.  Had  it 
not  so  often  happened  that  lines  which  have  ex{>ended  mil- 
lions for  the  construction  of  long  lines  to  a  certain  place  have 
then  begrudged  or  failed  to  raise  the  necessary  additional  per- 
centage to  carry  their  line  into  it,  contenting  themselves  with 
hanging  on  to  the  skirts  of  the  town  somewhere,  where  they  can 
be  reached  by  horse-cars  or  hacks  and  drays,  it  would  seem  in- 
credible that  business  corporations  could  so  frequently  commit 
an  act  of  folly  which  can  fairly  be  paralleled  with  that  of  buil^d- 
ing  a  long  bridge  and  erecting  every  span  but  one — assuming, 
on  account  of  some  difficulty  with  foundations,  or  what  not,  that 
a  ferry  would  be  good  enough  for  that,  because  it  would  be 
"such  a  little  one."  The  lines  which  do  or  have  pursued  this 
course  will  be  found  to  be  those  which  figure  most  prominently 
in  the  list  of  bankrupt  corporations  ;  and  the  evidence  of  that 
fact  is  so  patent  to  any  one  who  will  take  a  list  of  such  and  study 
it  over,  that  it  is  needless  to  add  more  to  what  has  been  already 
said  than  to  note  the  great  sums  which  successful  properties  spend 
in  reaching  the  heart  of  great  cities  to  remedy  former  errors. 

69i  In  England  hundreds  of  millions  have  been  expended  for 
this  purpose,  and  tens  of  millions  at  the  smaller  towns  alone.  In 
America  we  are  far  more  backward  than  the  best  interest  of  the 
properties  requires  :  but  many  such  works  have  been  recently 
carried  through,  one  example  of  which  is  the  new  entrance  of  the 
Pennsylvania  Railroad  into  the  city  of  Philadelphia ;  ^hile  at 
New  York,  Boston,  St.  Louis,  and  other  cities  similar  improve- 
ments have  been  made  or  are  being  projected  on  a  lavish  scale. 
Certainly  it  has  never  been  questioned  that  the  Philadelphia  ter- 
minus was  an  expedient  investment,  and  we  may  be  sure  that  it 
was  not  undertaken  with  any  other  view  by  the  management  of 
the  company.     It  was  executed  almost  wholly  for  the  local  con* 
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venience  of  Philadelphia,  and  consisted  in  carrying  in  the  com- 
pany's tracks  on  an  elevated  structure  to  a  point  very  near  to 
the  centre  of  the  city.  It  was,  moreover,  an  expenditure  to  which 
the  company  was  not  driven  by  competition,  except  as  to  a  small 
part  of  their  traffic,  for  they  had  good  facilities  for  both  freight 
and  passengers  ;  facilities  as  conveniently  accessible  as  they  well 
could  be  by  horse-cars — that  ever-ready  excuse  for  neglecting  to 
bring  railway-stations  into  the  centre  of  population.  Some  in- 
crease of  space  was  indeed  desirable,  but  it  might  have  been  se- 
cured much  more  cheaply  in  other  ways,  had  the  company 
deemed  it  expedient. 

The  Philadelphia  improvement  cost  about  $4,590,000,  of 
which  about  half  was  for  land  only  ;  or  about  $5  per  head  of  the 
population  concerned,  the  interest  on  which  at  five  per  cent  is 
about  $225,000  per  annum,  or  twenty-five  cents  for  each  man, 
woman,  and  child  of  the  population — a  sum  which  should  be 
largely  increased,  perhaps  doubled,  for  the  indirect  loss  on  in- 
vestments already  made,  and  from  operating  expenses  for  haul- 
ing the  whole  traffic  into  and  out  of  the  new  station,  to  which  the 
system  of  roads  centring  there  had  not  been  originally  adapted. 

It  is  to  be  presumed,  of  course,  that  the  value  of  this  improve- 
ment to  the  corporation  is  expected  to  be  considerably  more 
than  this.  Nor  does  such  expectation  seem  unreasonable  ;  for, 
independent  of  all  necessity  for  competition,  experience  at  other 
points  proves  that  it  would  be  a  paying  investment,  from  its 
direct  and  indirect  effect  to  encourage  new  traffic. 

In  the  company's  report  for  1881  it  was  stated — 

"The  cost  of  this  work  is  already  having  a  marked  effect  on  the  develop- 
ment of  local  traffic ;  and  it  is  believed  that,  in  addition  to  its  great  value  to 
through  and  competitive  business,  it  will  in  a  few  years,  by  its  promotion  of 
suburban  trains  reaching  the  park  and  other  portions  of  the  city,  and  its 
stimulus  to  the  traffic  before  referred  to/ fully  realize  all  that  was  contemplated 
at  the  tfme  of  its  original  construction." 

At  the  time  of  this  report  there  were  some  two  hundred  pas- 
senger trains  into  and  out  of  Broad  Street  Station  daily.  There 
are  now  about  fifty  per  cent  more. 
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70.  At  New  York  a  costly  improvement  was  carried  througk 
at  the  joint  expense  of  the  city  and  tlic  New  York  Central  and 
Hudson  River  Railroad,  costing  some  $8,000,000,  in  order  to  per- 
manently  insure  the  running  of  fast  trains  to  the  Grand  Central 
Station  at  Forty-second  Street,  which  will  probably  hereafter  be 
the  heart  of  the  population  patronizing  the  railway,  although  for 
the  present  it  is  rather  far  up-town.  Tlie  then  existing  passen- 
ger station  at  Twenty-eighth  Street  was  abandoned,  in  part  on 
account  of  the  difficulties  and  expense  involved  in  securing  room 
at  that  point  for  the  immense  traffic  to  be  handled,  and  in  carry- 
ing  the  line  to  it,  but  in  part  because  the  point  selected  wa* 
deemed  to  be  so  near  the  future  centre  of  the  city.  An  addi- 
tional passenger  station  (mainly  for  suburban  trains)  is  stilt 
maintained  on  the  west  side,  at  Thirty-second  Street,  as  are  also 
freight  stations  farther  down-town  on  both  the  east  and  west 
side,  to  and  from  which  cars  are  hauled  by  horses. 

71.  At  St.  Louis,  a  union  depot  for  all  the  railways  centring 
there  was  built  in  connection  with  the  great  St.  Louis  Bridge, 
the  whole  costing  some  $7,000,000;  while  there  is  hardly  a  city 
of  any  importance  where  smaller  improvements  of  the  kind 
arc  not  projected  by  some  one  of  the  lines  reaching  it,  at  a 
largely  increased  cost  over  what  wouM  have  been  originally  nec- 
essary;— without  considering  in  this  statement  the  heavy  losses 
of  traffic  through  the  dubious  early  years  of  the  company's  his- 
tory which  have  enforced  such  improvements.  On  the  other 
hand,  there  is  no  instance  on  record  where  adequate  termiDal 
facilities  once  acquired  have  been  abandoned  for  others  more 
distant  and  less  valuable,  because  the  market  value  of  the  prop- 
erty was  greater  than  its  productive  value  in  the  hands  of  the 
company. 

72.  To  apply  [he  same  ratio  of  expenditure  as  is  incurred  at 
the  larger  cities  to  smaller  places  might  not  in  many  cases  be 
safe  for  these  reasons: 

First.  The  average  receipts  per  head  of  population  i 
very  much  faster  than  the  population.  (See  Chap.  XXL, 
various  tables  giving  revenue  per  head  of  population.) 
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Secondly.  At  very  large  cities  like  New  York,  Philadelphia, 
Chicago,  and  Boston,  the  distinctly  suburban  traffic,  making 
daily  trips  at  commutation  rates,  is  a  large  element,  which  espe- 
cially requires  the  best  attainable  terminal  facilities  and  the 
largest  possible  saving  of  time. 

Table  14  gives  some  idea — in  part,  it  must  be  confessed,  a  deceptive  and 
imperfect  one — as  to  how  large  a  part  these  various  works  constitute  of  the 
toul  cost  of  railways  of  the  first  class,  and  how  small  an  element  is  the  mere 
construction  to  sub-grade  between  stations.  See  also  Chapter  XXVI.,  on 
*•  Terminals.*' 

Table  14. 

Proportion  and  Amount  op  the  Various  Items  of  Cost  op  Road  and 

Equipment. 

New  York  Central  &  Hudson  River  Raihoad;  1885,  953  miles ;  amount  of  track,  a.85  times 
length  of  liiie ;  and  in  less  detail  for  Pennsylvania  Railroad,  1357  miles. 


New  Yomc  CairraAL  A  Hux>son  Ritbr. 


Itsms. 


Grading  and  masonry... 

Bridge 

Soperatmcture 

Stations,  etc 

Land  and  land-damages. 

Locomotives 

Passenger  cars 

Freiifht  cars 

Eni^DC^i^nK 

Floating  Equipment. . . . . 


Total 


Stock. 
Bonds. 


Per 

Mile. 


$sa,ooo 

3,030 
3a»50o 
15»4<» 
i5»740 

6,630 

1,617 

15.830 

3,x6o 

a93 


$116,300 


93.800 
59.000 


Per 
Cent. 


18.9 

9.6 

27.9 

«3.3 
13.6 

5.7 

«-4 

«3.6 

9.7 

•3 


100. o 


Pbnnsvlvamia. 


Itrms. 


Construction 

Equipment 

Real  estate  and  telegraph. 

Total , 


Stock  . 
Bonds. 


Per 

Mile. 


$30,400 
19,300 

10,130 


$59,830 


$75,300 
53.500 


Per 
Cent. 


50.7 
32.3 
17.0 


lOO.O 


The  Pennsylvania  owns  enormous  amounts 
of  the  securities  of  controlled  roads,  repre- 
sented by  its  securities.  Its  policy  has  been 
to  defray  expenses  out  of  earnings  rather  than 
increase  capital  account. 


The  small  proportion  which  the  bare  cost  of  laying  down  the  track  bears  to  the  totaf 
investment,  on  lines  of  importance,  is  clear  from  the  above. 

Thirdly.  At  almost  all  points  in  the  United  States  the  proba- 
bilities of  future  growth  must  be  remembered,  which  will  some- 
times, as  at  New  York,  bring  a  point  which  is,  for  the  time  being, 
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considerably  outside  of  the  centre  of  population  into  the  very 
heart  of  it. 

Nevertheless,  no  town  is  so  small  that  the  considerations 
advanced  are  not  more  or  less  applicable  to  it,  and  the  usual  law 
of  development,  when  topographical  impediments  do  not  forbid 
it,  is  that  the  town  spreads  equally  in  all  directions,  its  centre  of 
gravity  remaining  unchanged,  as  in  the  case  of  London,  and 
measurably  of  Chicago,  Philadelphia,  and  other  cities ;  in  which 
case  the  disadvantages  of  having  a  terminus  at  a  distance  from 
that  centre  do  not  decrease  with  time,  but  increase  in  direct  ratio 
to  the  population. 

73.  Although  the  impossible  task  of  definite  technical  analysis 
of  the  revenue  considerations  here  discussed  has  been  passed  by, 
it  is  hoped  tliat  enough  has  been  said  to  impress  upon  the  minds 
of  engineers  and  projectors  that  they  are  entitled  to  great,  if 
somewhat  indeterminate,  weight,  and  that  it  is  unsafe  for  any 
engineer  to  enter  upon  the  work  of  laying  out  a  railway  with  no 
more  thought  of  its  financial  future  than  a  vague  idea  that  the 
passenger  revenue  is  obtained  by  selling  tickets,  and  the  freight 
revenue  is  measured  by  the  sum  of  the  way-bills,  and  that  neither 
is  any  concern  of  his  ;  his  duty  being  simply  to  get  the  shortest, 
cheapest,  and  straightest  line,-^— the  phrase  has  almost  hardened 
into  a  formula, — and  that  when  he  has  gotten  it  he  has  done  his 
whole  duty.  It  may  be  that  he  has,  but  it  does  not  follow  ;  and 
the  chances  are  good  that  he  will  have  not  only  completely  failed 
to  do  it,  but  will  have  involved  the  projectors  in  certain  ruin; 
because,  although  the  amount  by  which  the  revenue  can  be  mod- 
ified by  differences  of  location,  or  even  by  differences  in  the  sub- 
sequent management,  is,  as  a  rule,  only  a  small  percentage  of 
the  aggregate  revenue,  yet  it  is  this  small  percentage  alone  in 
which  the  original  projectors  have  a  property  interest ;  that  por- 
tion of  the  revenue  which  goes  to  pay  fixed  charges  and  operat- 
mg  expenses  being  in  no  sense  theirs. 

The  strength  of  the  argument  for  neglecting  no  effort  to 
reach  all  possible  sources  of  traffic  is  greatly  strengthened  by  the 
considerations  which  it  seemed  more  appropriate  to  discuss  io 
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Chapter  XXL,  but  which  have  a  very  direct  bearing  on  the  sub- 
ject-matter of  this  chapter. 

74.  That  the  effect  of  comparatively  slight  causes  to  influence 
revenue  has  not  been  exaggerated,  may  perhaps  be  proved,  as 
effectually  as  in  any  way,  by  a  trivial  incident  which  the  writer 
knows  to  be  authentic  : 

A  certain  railway,  for  competitive  reasons,  determined  that 
some  marked  improvement  in  its  eating  stations  must  be  made 
to  meet  the  competition  of  dining-cars  on  a  rival  line.  The  pro- 
prietor of  one  of  these  establishments,  therefore,  was  instructed 
to  make  certain  decided  improvements  in  the  appointments  of 
his  table,  and  in  the  character  and  quality  of  the  viands  provided, 
at  the  expense  of  the  company,  and  to  send  in  his  bills  from 
time  to  time  for  this  additional  expenditure.  The  bills  not  com- 
ing in,  although  the  desired  betterments  had  been  (with  some 
reluctance)  made,  and  with  results  very  gratifying  to  the  com- 
pany, the  proprietor  was  again  requested  to  send  in  his  bills ; 
when  it  appeared,  on  inquiry  as  to  each  item  in  succession  for 
which  he  had  been  specifically  instructed  to  increase  his  expen- 
diture at  the  expense  of  the  company,  that  the  proprietor  was 
*' satisfied  that  it  paid  him,"  or  that  it  was  "no  more  than  he 
ouglit  to  do,"  or  that  he  was  **  well  enough  contented  as  it  was" 
— in  short,  that  he  had  no  bills  to  present. 

Such  an  incident,  the  details  of  which  were  precisely  as 
stated,  must  be  admitted  to  be  an  extraordinary  instance  of  the 
power  of  conscience  in  a  class  who  are  not  often  given  credit  for 
having  any,  but  it  is  also  a  proof  that  great  direct  advantages  to 
the  proprietor,  as  well  as  indirect  advantages  to  the  company, 
must  have  resulted.  To  fully  appreciate  its  bearing  upon  those 
semi- technical  questions  which  depend  more  or  less  on  the 
peculiarities  of  human  nature,  two  additional  facts  must  be 
remembered.     On  the  one  hand — 

1.  A  large  fraction  of  the  passengers  have  but  slight  reason 
to  choose  between  one  or  another  railway  before  beginnmg  their 
journey  ;  while,  on  the  other  hand, 

2.  The  journey  once  entered  on,  they  have  no  choice  what* 
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ever  as  to  where  to  take  their  meals,  but  to  take  such  meals  as 
are  set  before  them  at  the  appointed  stopping-places,  or  go 
hungry.  The  railway  restaurant  business  is  pre-eminently  non- 
competitive. 

If,  therefore,  a  trifling  improvement  in  meals,  which  had  never 
been  really  bad,  could  so  materially  affect  the  non-competitive 
business  of  a  railway  restaurant,  what  is  the  probable  effect  of 
the  same  and  other  slight  causes  on  the  traffic — especially  on  the 
receipts  from  that  considerable  class  who  travel  a  great  deal  by 
rail,  but  hardly  make  a  really  necessary  trip  more  than  two  or 
three  times  in  a  lifetime? 

With  this  attempt  to  solve  by  a  parable  an  essentially  inde- 
terminate problem,  we  pass  to  those  branches  of  our  subject 
which  are  often  of  less  real  importance,  but  which  admit  of  more 
definite  and  technical  treatment,  and  which,  perhaps  for  that 
reason,  are,  not  unnaturally,  too  often  the  only  ones  considered 
by  members  of  a  definite  and  technical  profession. 


CHAPTER  IV. 

THS  PROBABLE  TOLUMK  OF  TRAFFIC,  AVD  LAW  OF  GROWTH 


79u  It  having  been  once  determined  that  a  railway  Is  to  t>c 
iNiik  at  all  between  anj  tvo  points,  with  the  consequent /r/>«tf« 
fmcie  corollarj  that,  ezcepdng  vhen  and  as  reasons  to  the  con« 
trarj  appear,  it  is  to  be  the  cheapest  line  over  which  trains  can 
be  ma  with  dne  safetr  and  speed,  the  probable  nature  and 
Tolaaie  oC  the  fa  tore  traffic  becooies  the  Tital  qoestion  ;  for  both 
the  rrrewoe  and  the  operaiiag  ezpeoses  will  vary  in  close  ratio 
therewith,  and  calr  lo  isscr^ease  the  ooe  0€  diminbh  the  other 
are  we  jostiSed  in  expessidisig  a&ore  mo^ey  than  prcrper  security 
in  hawdling  traiiss  neq^ires.  Tse  flKi»re  the  traffic  of  a  railway 
the  forger  the  peos^siarT  saris^  frois  a  ^^en  bettermemt  in  the 
rate  aad  dxRribvr^oa  c€  ^rarfSesis.  osrraiwre;  or  distarsee— aiid 
the  ^sce.  cjsiMecT«atI j.  t-i<t  7ii*tf^ii>u^  ^^peaditwre  to  fiUct  tt ; 

b/ein!^  :  Wi^  a  ojrrafa  z^tzz^.  mutmt,  winch  H  n"^  an 
§:^  :^  s2iS^  zja^a^t  'A  'jrsasEs^  sare  the  rjrjtm^mj  niore 
per  Yiear  ai  -^Cicrir-nir  *3cz0':3syA  *  'jr  adri  agi^ce  to  she  reremsev  »• 
the  Ksmnrtf  cfafw  ic  pr^cttaocf  2X  -vnoira  t^ar  lyn^jcieo  <rxi&»  sn) 
thas  i  wuL  aifid  si  xa^srl  vrtsr-^rsk  z/r  zruft  -laocal  ex^csvierf  ?/> 
it?  If  X  wiL  :ae  ^n:^*t:i*i^cLr»:  smt  z^^^ ^  jottisai  skiG/m^ 
a  St  wul  3I1C  X  i£Li^ii-ir  ICC  ut  tnaise 


n^  1^  aii'.cr.n^  a  i^^nr^r  jne  *^ga«*  me  sacsraHw 
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Eauiings  ff*  Hbad  of  Population  and  Per  Hili  of   Road    of   tbi 
Railways  of  Massachuskt-ts. 


The  actual  mileage  in  the  Stale  limits  is  not  given  previously  to  1870,  and  an  BTTiiiiml 
percentage  has  been  used  to  determine  the  population  and  eanunga  per  mile  of  roML 
From  187}  to  1884  the  earnings  per  head  are  campuled  by  assuming  that  Uw  awfif 
caniiDgs  per  mile  of  road  were  no  greater  inside  than  outside  the  State  limita,  wUdi 
ii  certainly  incorrect,  and  on  an  average  will  probably  make  the  eanunga  per  bead  Urn 
te  Ji/ittH  fir  cent  loe  small.    From  1S61  to  1S70  inclusive  the  total  eaminsi  whlita 
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constitute  an  element  which  might  be  legitimately  considered  in 
laying  out  a  new  line.  The  table  embodying  this  English  ex- 
perience is  very  instructive,  as  indicating  a  minimum  of  growth 
under  settled  conditions  which  no  large  section  of  this  country  is 
likely  to  fall  below  for  many  decades. 

In  all  but  the  rarest  instances,  it  would  be  absurd  to  claim 
that  no  allowance  should  be  made  for  future  growth  of  traffic, 
and  often  it  should  be  a  very  large  one.  Nevertheless,  while, 
theoretically,  large  allowances  for  this  future  traffic  are  almost 

Table  16. 
Growth  of  English  Railways  and  Railway  Traffic 


Tba«. 

Miles. 

Capital. 

No.  of 

Panengera. 

Millions. 

Double 
or  more. 

Sini^le. 

Total. 

Total. 
1  —  $1,000,000. 

Per  Mile. 
I  =  $1000. 

itss 

«i«53 
«.fi9o 
7»7»x 
8,338 
8,898 
9,803 
10,939 

9,189 

3*743 
«»"43 
7,038 

7,7^ 
8,130 
8,695 

8,335 
M.433 
«3.854 
15,376 
16,658 

«7,933 
18,864 

1446. 
1699. 
9913. 

a574. 
3061. 

3537. 

389a. 

X73  4 
164.0 

166.6 
165.7 
183.8 
197.9 
906.1 

118. 6 

I860 

163.4 
951.9 

336-5 
507.0 

603.9 
695.0 

lats 

1870 

1875 

1880 

1884 

Rbcsipts. 

Per  Cent 
Oper- 

ating 
Expenses. 

Per  Cent. 
Net 

Ybak. 

Total 
Millions. 

Per  Mile 
of  Road. 

Per 

Train 
Mile. 

Per  Cent  from— 

ReccipU 
to 

Pass. 

Freiffbt. 

Capiul. 

I8S5 

f 
104.6 

134.8 
«74.4 

9I0.8 

986.3 
306.0 
398.8 

9 
«a,530 

19,930 
13,190 

13,570 
17,900 
17,040 
17,440 

cu. 

140.6 

131.5 
195.0 
194.4 

136.5 
197.9 
191.3 

49-7 
47.1 
46.9 
4«.8 
49.0 

41. 5 
49.6 

50.3 

50.9 
53.8 
53.5 

54.3 
54.6 

53.4 

•  •  •  • 

47 
48 
48 
54 
5« 
53 

I860 

ites 

4.19 
4.11 

4.4« 
4.45 
4.38 
4.16 

1370 

1875 

1880 

1884 

Compiled  fix>m  tbe  Board  of  Trade  returns. 


tbe  State  were  given  separately.  Previously  to  1861,  the  total  earnings  divided  by  the 
population  of  the  State  was  multiplied  by  the  assumed  per  cent  of  mileage  within  the 
State  limits  for  the  earnings  per  head.  The  compilation  for  the  years  preceding  1871  was 
abstracted  from  an  old  volume  of  the  Railway  Times. 

See  also  labks  ai  to  26,  83,  and  various  others  for  indications  as  to  growth  of  traffic. 
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always  justifiable,  it  is  for  practical  reasons  SO  exceedingly  dan- 
gerous  as  to  amount  to  absolute  foUj  for  an  average  American 
corporation,  even  of  the  more  prosperous  kind,  to  look  ahead  for 
more  tiian  from  three  to — at  most — ten  years  for  the  "  rapidly 
increasing  traffic"  which  is  to  justify  an  increase  of  present 
expenditure  over  what  the  prospects  of  the  present  and  the  im- 
mediate future  will  justify. 

79.  Let  us  see  wliy  this  is  so.  The  theory  of  the  subject  is 
simple :  In  Table  i8  is  given  the  present  value  or  present  justi- 
fiable expenditure  to  save  $t  (or  one  unit  of  any  other  value) 
at  the  end  of  any  given  period  at  any  given  rate  of  interest;  that 
is  to  say,  the  sum  which,  if  placed  at  compound  interest  now, 
will  produce  %\  at  the  end  of  the  specified  period.  This  fact 
given,  it  logically  follows,  that  if  the  value  of  a  given  betterment 
for  a  given  immediate  traffic  be  $i,  the  present  value  of  the 
same  betterment  for  an  equal  traffic  which  is  to  exist  only  in  the 
future  will  be  that  sum  which  at  compound  interest  will  produce 
)i  when  the  assumed  traffic  comes  to  exist,  tf,  for  example, 
we  expect  the  traffic  to  double  in  ten  years,  we  may  spend  for  a 
betterment  worth  %i  to  the  present  traffic,  $i  +  the  sum  which 
will  produce  $1  at  the  end  of  ten  years,  which  latter  is  at  7  per 
cent  (Table  18)  50.8  cents;  so  that  under  these  conditions  (which 
would  apply  to  most  new  American  lines)  WC  should  be  war- 
ranted in  spending  50.8  per  cent  more  money  to  effect  given 
betterments  than  we  would  for  the  traffic  "  in  sighL" 

Table  17. 
Value  of  %\  placed  at  Compound  iNTEKtsr  fox  a  Tbui  or  Yxas^ 


Wrm  IiTT 

■  BTAT- 

Vbail 

1 

Mi 

»« 

* 

s 

• 

s 

M 

perccdl. 

ptrctDl, 

pCT«nl- 

pcrccDI 

pcrcTDL 

■ 

;;3 

;:3 

l.OJ 

':^ 

I:l« 

■  .fi6 

ml 

;:3 

t'n 

\% 

;:;» 

'■'9 

i:» 

IS 

i.tt 

>]« 

::S 

>■» 

i.>« 

::S 

IS 

>.JT 

\S, 

:? 

■  ■M 

■  si 

1.41 

i.4i 

■d 

«n 

■.■6 

•■m. 
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Table  17. — Continued. 
Valub  of  $t  PLACBD  AT  COMPOUND  Intbsest  FOB  A  Tbbm  op  Ysabs. 


■9  B  (t  -f  r)*,  In  which  r  =  rate  of  intocst,  h  =  Dumber  of  Tean,  ud  S  ■ 
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Wx 


Showihc  THi  JusTiFiABLS  Present  Expendituhe  to  save  $i 
FOR  VARWUS  Terms  of  Years  at  various  Rates  per  Cent  fo 

PER   AN> 

Capiiai 

- 

T„- 

T^ 

1 

per  MM. 

percent. 

perccDi. 

% 

percent. 

pc'™. 

■ 

p.r«o.. 

10 
per  rent 

1 
\ 

•> 

»> 

<3 

to 

i 

to 

! 

"■I 

11 

■! 

il 

rii 

1 

t. 

• 
J 

•• 

il 

3 

ii 

:i 

7« 

! 

J 

JO 
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06 

1 

li 

<* 
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Table  20. — Continued. 


Tbkm 

JusnnABLB  Prbsbnt  ExpBNDrruRB  WITH  Intbkbst  at — 

OP 

Ybaks. 

3 

per  cent. 

4 
per  cent. 

5 

per  cent. 

6 

per  cent. 

7 
percent. 

8 
percent 

t 
percent 

10 

percent 

»0 

14  88 

«3-59 

13.46 

XX. 47 

10.59 

9.83 

9-«3 

«.Si 

31 
93 

»3 
«4 

97 
38 

a9 

15.43 

>5-94 
16.44 

16.94 
17.41 
17.88 

>8.33 
18.76 

19.19 

14.03 

>4-45 
14. 86 

15.  as 

15.63 

15  9« 

»6.33 
16.66 
16.98 

13.83 
13.16 

13-49 

X3.80 
14.00 
14.38 

14. 64 
14.90 
»5-«4 

XI  76 
13.04 
13.30 

X3.55 

X3.78 
X3.00 

13.31 
«3-4« 
«3-59 

X0.84 
11.06 
XI. 37 

11-47 

XI. 65 
XX. 83 

"99 
13.14 

13.38 

xo.oa 
10.90 
10.37 

10.53 
X0.67 

xo.Sx 

xo  94 
xx.05 
XX.  x6 

9.99 
9.5S 

9.89 

9.93 

X0.03 

ZO.I9 
I0.90 

8.6s 

9.S 
9.16 

9.94 

9-3» 
9.37 

80 

19.60 

17.39 

>5-37 

«3-77 

13.41 

XX. 96 

10.97 

9-43 

3« 
3a 

33 

34 
39 

30.00 
30.39 
30  77 

31. 13 

31.49 
31.83 

33.17 
33.40 
33.98 

«7  59 
17.87 
18.15 

18.41 
18.67 
18.91 

19. 14 

X9-37 
19.58 

«5.59 
15.80 

16.00 

16.19 

«6.37 
16.55 

16.71 
16.87 
17.03 

«3-93 
14.08 
14.33 

X4-37 
1450 
X4  63 

14-74 
14-85 
>4-95 

18. 53 
13.65 

18-75 

13.85 
13.95 
13-04 
13.13 

13.19 
13.30 

XI. 35 
XX  43 
XX. 5X 

"59 
XX.65 

ZX.79 

ZX.78 
XI. 81 
IX.  x8 

10.34 
10.  41 
10.46 

XO.59 
10.57 
lO.OZ 

xo.6s 
10.69 
10.73 

9.48 
9-53 
9.S7 

9.61 

9.71 
9.76 

40 

33.12 

19.79 

17.16 

15-05 

«3-33 

11.93 

Z0.76 

9.7« 

4« 
4a 
43 

44 
45 
46 

47 

48 

-       49 

a3-4« 
23.70 

33.98 

a4a5 
84  Sa 
34.78 

as  03 
35.27 

as -50 

19.99 
30.19 
30.37 

20.55 
30.73 
30.89 

31. 04 
31. 30 
ai.34 

17.39 
17. 43 
X7-55 
17  66 

Jill 

18.17 

15x4 
15.83 

15.31 

15-38 
15.46 
15-58 

15-59 

15-65 

*     15-71 

13-39, 

13-45 

13-51 

13-56 
13.61 

13-65 

13-69 
13-73 
13-77 

11.97 

19. ox 
19.04 

X9.o8 
19. II 
19. X4 

19. 16 
19. 19 
19. 31 

10.  T9 
X0.8I 
10.84 

Z0.86 
10.88 
xo.90 

X0.99 

1093 
10.95 

9.80 
9.89 

9.<3 

9.88 

9.i9 
9.90 
9.9Z 

50 

as -73 

31.48 

18  26 

15.76 

13.80 

19.93 

X0.96 

9.99 

55 
60 

65 
.       70 

26.77 
27.68 
28  4S 
29.12 

33.11 
32.62 

83-05 
83-40 

18.61 
18.93 
19.16 

«9  34 

16.  t6 
16.39 
16.39 

13-94 
14-04 
14.  xo 
14. 16 

19.33 
19. 38 
19.49 

18. 44 

XI  .01 
IX. OS 
XX.07 
xx.oB 

9-95 
9-97 
9.98 

9-99 

75 

29.70 

33.68 

19.49 

16  46 

14.30 

13.46 

XX.09 

9-99  , 

80 

«5 
90 

9S 

30.30 

30  63 
31.00 

3»-3a 

33.93 
34.11 
34.27 

84  40 

19.60 
19.68 

«9-75 
19.81 

16.51 

16-55 
16.58 
16.60 

14.33 

14-84 
14-85 
14.96 

18. 47 
13.48 
19.49 
19.49 

XX.  ID 

II  10 

XI. IX 

XI. IX 

10.00 

XO.OO 

10.00 
10.00 

100 

31.60 

84-5* 

«9-85 

16.63 

14.37 

19.49 

XX. XX 

10.00 

Perpetuity 

33-33 

85.00 

30.00 

16.67 

14.39 

X9.50 

XX. XX 

ao.oo 

This  table  gives  simply  the  capital  sum  which  will — 

(i)  Return  $i  per  annum  in  interest  during  the  given  term  ;  and, 

(2)  Return  an  additional  sum  in  interest  each  year  which,  placed  at  compoimd 

at  the  same  rate,  will  extinguish  the  principal  at  the  end  of  (he  given  tenxL 
At  10  per  cent  for  capital  it  is  worth  spending  but  twice  as  much  to  ensure  a 

$1  per  annum  for  ever  as  to  ensure  it  for  7  years  only.    At  the  much  higher  rates  idddl 

people  often  wish  to  be  assured  of  before  spending  money  in  new  enterprises  it  is  worth 

practically  nothing  to  save  money  more  than  6  or  8  years  ahead. 
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Ml  All  this  is  undeniably  correct  in  theory,  except,  indeed, 
that  it  understates  the  case;  for  we  might  enter  into  further 
mathematical  subtleties,  and  prove  that  if  the  ratio  of  growth  of 
traffic  is  greater  than  the  rate  of  interest  on  capital,  the  present 
justifiable  expenditure  to  provide  for  such  increase  of  traffic  is 
infinite.  But  this,  while  an  excellent  exercise  for  the  student,  we 
shall  not  attempt  to  do  ;  confining  ourselves  instead  to  the  more 
profitable  work  of  pointing  out  the  reasons  why,  with  any 
ordinary  corporation,  all  such  speculations  are  wholly  delusive, 
so  that  even  the  indications  of  Table  18  are  of  value  only  as  fixing 
a  maximum  which  should  never  be  exceeded. 

81.  The  first  and  most  vital  reason  is  that,  while  it  may  be 
taken  as  a  practical  certainty  that  the  traffic  of  any  ordinary 
railway  not  only  will  grow,  but  that  it  will  grow  at  an  average 
rate  of  something  like  5  to  8  per  cent  per  annum  east  of  the 
AUeghenies,  and  7  to  10  or  15  or  even  20  per  cent  per  year  west 
of  there,  yet  that  the  rate  of  this  growth  of  traffic  is  excessively 
variable  and  uncertain — liable  to  cease  altogether  at  any  time  for 
many  years,  and  at  periods  when  it  is  particularly  inconvenient 
to  put  interest  on  discounted  expectancies. 

For  this  cause  alone  it  is  in  general  inexpedient  to  look 
forward  more  than  at  most  five  years  for  traffic  to  justify  an 
increase  of  immediate  expenditure ;  and  when,  as  is  of  course 
more  likely  to  be  the  case,  a  new  project  is  floating  upon  the  top 
of  a  "  boom"  or  upward  wave  in  the  tide  of  business,  it  is  unsafe 
to  look  ahead  more  than  two  or  three  years.  It  is  at  such  times 
especially  to  be  remembered  that  the  wave  may  begin  to  flow 
backward  at  any  time,  and  that  even  if  it  do  not,  the  line  is  built 
with  borrowed  capital,  and  that  it  is  difficult  for  the  average 
financier  to  borrow  large  sums  on  future  expectancies ;  nor  can 
he  in  any  case  borrow  ^2000  per  mile  as  cheaply  as  $1000  per 
mile.  Borrowed,  however,  the  money  must  be  if  the  first  supply 
gives  out,  or  the  whole  investment  of  the  original  company  will 
probably  be  lost ;  and  the  instances  are  rare  in  which  any  large 
proportion  of  the  entire  capital  has  been  positively  secured 
before  the  surveys  are  substantially  complete  and  construction 
in  progress. 
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62.  A  sequence  of  events  which  has  been  again  and  again 
repeated  is  that  the  company  shall  enter  upon  the  work  with 
vaf[ue  visions  of  boundless  prosperity,  and  look  with  certainty 
to  securing  "all  the  money  they  need;"  shall  encourage  their 
engineer  in  »  costly  style  of  construction  which,  with  the  natural 
preference  of  an  engineer  for  massive,  durable,  and  stately  works, 
he  is  all  too  ready  to  adopt ;  and  finally,  often  within  a  ridicu- 
lously short  time  of  the  period  of  their  brightest  hopes,  be  left 
stranded  by  the  ebb-tide  of  speculation,  a  complete  and  helpless 
financial  wreck. 

63.  Finally,  there  is  another  and  still  stronger  reason  why  the 
growth  of  traffic  should  not  be  counted  on  for  many  years  ahead 
in  designing  the  works.  It  is  usually  a  simple  matter  to  so 
design  large  parts  of  the  line,  including  most  of  the  more  expen- 
sive works,  that  their  construction  may  be  postponed  until  a 
more  convenient  season — a  possibility  so  important  that  it  is 
separately  discussed  hereafter  (Chap.  XXIII.).  By  so  doing  we 
at  least  make  sure  of  keeping  the  capital  account  at  a  minimum 
and  ti  (usually)  retaining  the  line  in  the  hands  of  the  original 
company;  while,  when  all  causes  are  considered,  the  loss  from 
postponing  the  execution  of  all  more  costly  work  which  can  be 
postponed  will  not  be  very  great,  even  if  one's  brightest  dreams 
are  realized — which  will  rarely  be  the  case. 

84.  We  may  conclude,  therefore,  that   although  a   railway 
corporation  which  has  In  truth  as  well  as  in  imagination  un- 
limited means  ;  which  is  able  to  look  ahead  with  certainty  for  a 
long  period  of  years  ;  which  is  able  without  doubt  to  tide  over 
long  periods  of  depression  without  danger  to  its  stability,  and 
which  has  no  anxiety  to  realize  present  profit,  or  even  avoid 
present  losses,  on  investments  which  will  be  ultimately  profit- 
able ; — nllhough  such  a  corporation  may  legitimately  make  a 
large  increase  in  its  investments  for  the  sake  of  a  traffic  which  ii 
still  in  the  distant  future,  yet  that  no  ordina 
nlTord  to  look  ahead  more  than  two  to  five ; 
to  p.iy  interests  on  increased  investments,  aoc 
case  they  take  mtich  risk  in  doing  so.    TnBl 
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in  all  cases,  be  rather  under-  than  over-estimated,  to  the  end  that 
in  no  case  extravagant  expenditures  shall  be  made  for  a  costly 
perfection  of  alignment  which  the  traffic  will  not  justify  :  bearing 
in  mind  that  an  under-estimate  of  admissible  expenditure  is 
simply  a  failure  to  invest  a  small  (or  it  may  be,  large)  additional 
sum  of  money  which  would  have  earned  good  interest,  but  which 
may  be  invested  later  at  nearly  if  not  quite  as  good  advantage  ; 
whereas  an  over-liberal  invttstmcnt  of  additional  sums  on  which 
interest  cannot  be  earned  greatly  endangers,  in  the  trying  years 
which  usually  come  soon  after  the  line  is  opened,  the  permanency 
of  the  whole  investment. 

In  the  one  case,  our  economy  only  endangers  a  minor  loss,  if 
the  enterprise  as  a  whole  turns  out  well ;  and  if  it  does  not,  may 
save  it  from  ruin.  In  the  other  case,  our  extravagance  only 
gives  us  a  fair  investment  for  a  little  more  money  if  all  goes 
well,  and  ii  it  does  not,  may  be  the  ounce  of  additional  load 
which  breaks  the  back  of  the  enterprise.  Our  only  grave  dan- 
ger, therefore,  is  of  error  in  one  direction  only  ;  which  makes  it 
the  easier  to  make  an  estimate  of  traffic  sufficiently  exact  for  all 
important  purposes — that  is  to  say,  one  which  will  be  certainly 
not  too  large. 

89.  Tables  zi  to  27  give  various  statistics  of  the  growth  of 
American  railway  traffic,  such  as  are  likely  to  be  useful  for 
checking  in  a  rude  way  the  estimated  growth  of  traffic  on  any 
line.  The  most  accurate  and  satisfactory  method  for  estimating 
both  traffic  and  expenses  in  any  given  case,  however,  is  com- 
parison with  the  experience  of  neighboring  roads  of  the  same 
general  character,  because  it  is  much  easier  to  count  on  a  line 
doing  so  much  better  or  worse  than  another  line,  than  to  esti- 
mate  the  absolute  traffic  independently. 

Tables  33  to  rj  inclusive,  for  the  groups  ai  Stales,  cover  >  period  exiendlnK 
Irom  one  period  of  business  activity  to  another,  with  a  severe  depression  be- 
tween.    Table  2S,  for  the  whole  United  Stales,  covers  two  preceding  and  four 
foUowing  years  likewise,  and  by  comparison  with  this  table  the  generat  course 
:OT  the  same  additional  years  can  be  determined  with 

compnicd  from  the  statistics  of  Poor's  Manual. 
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The  gjoups  of  States  are  those  of  Poor*s  Manual^  which  see  for  the  years  1882  and 
1886  for  details.  The  population  used  for  the  first  i>art  of  the  Table  (x88i)  was  that  of 
the  Census  of  1880,  which  was  about  three  per  cent  too  smalL 

By  a  different  estimate,  the  number  of  inhabitants,  of  acres  in  grain  and  cotton,  of  • 
bushels  of  grain  and  bales  of  cotton  produced,  per  mile  of  railway,  have  been  as  follows 
for  the  last  seven  years,  in  all  cases  taking  the  mileage  and  population  at  the  dose  of  the 
year  and  the  crops,  etc.,  of  the  previous  summer  : 


Popu- 
lation. 

Acres. 

Bushels  of 
Grain. 

Bales  of 
Cotton. 

1879 

1880   

58X 
545 

509 

473 
466 

458 
46X 

»,565 
x,466 

«,359 
x,836 
1,304 

1,3X6 
l,9l6 

31.600 
98,939 
19,804 

a3,405 
91,563 
93,690 
93,941 

67.73 
70-53 
59.6^ 
60.18 
47  00 

45-44 
50.41 

1881 

1882.' 

1883 

1884 

1885 

Table  22. 

sTAiisTics  OF  Revenue  Per  Head  of  Population  and  Per  Mils 

FOR  Each  State  Separately — 1881. 

[These  statistics  are  based  upon  the  same  figures  as  those  given  for  groups  of  States  only 
in  the  first  part  of  Table  ai.  The  division  of  the  miles  of  road  operated  between  the  dif- 
ferent States  is  not  exact,  so  that  the  figures  can  be  r^;arded  as  approximations  only.] 


Maine 

New  Hampshire 

Vermont 

Massachusetts 

Rhode  Island 

Connecticut 

New  England 

New  York 

New  Jersey 

Pennsylvania 

Delaware 

Maryland  and  D.  C. . . . 
W.  Virginia 

Middle  States 


Pbr  Mils  Railway. 


Sauare 
Miles. 


32.0 
10.3 
12.2 

3-47 
8.55 
5." 


II. o 


7.67 
5.00 

6.81 

9-75 
9.60 

100.5 


8.60 


Popula- 
tion. 


593 

387 

397 

793 
1,810 

670 


650 


848 
679 

633 
677 

485 
271 


775 


Per  Cent. 
Sidings. 


19.0 
17.6 
15.4 
63.0 

46.5 
35-0 


37.4 


75.3 
79.6 

64.6 


52.2 
193 


67-3 


Per  Cent. 
Operating 
Bxpenaes. 


69.0 
64.0 
80.5 

71.3 
61.4 

64.0 


70.0 


61.0 

63.9 
61.5 

70 
60.7 

83.4 


Gross  Rsvknub. 


Per  Mile 
Railway. 


PerHcMl 
Populat*!!. 


♦4.130 
5.200 
4.690 

10.200 
9.200 
9.650 


8.420 


13.000 
6.850 

15.800 
2.880 

5.490 
3.670 


62.9       14.000 


t6.54 
10.90 
12.40 
16.50 

5.90 
i6.<» 


13.  zo 


15.90 
28.10 

23.70 

4.08 

12.90 

13.60 


18.50 
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Table  24. — Continued, 


Virginia. . . . . 
N.  Carolina. 
S.  Carolina. 

Georgia 

Florida 

Alabama. . . 
Mississippi.. 
Louisiana. . . 
Tennessee. . 
Kentucky.. . 


Southern  States, 


Ohio 

Michigan.. 
Indiana. . . , 
Illinois. . . . 
Wisconsin. 
Minnesota.. 
Missouri.  . 
Iowa 


N.  W.  Central  Sutes. 


Nebraska. 
Wyoming. 
Dakota... . 
Kansas. . . 
Colorado- 
Arkansas  . 
Texas. . . . 


Far  W.  and  S.  W.. 


New  Mexico. 

Arizona 

Utah 

Nevada 

California.. . 
Oregon 


Pacific  States. 
United  States. 


Per  Mils  Railway. 


Square 
Miles. 


15.3 

25.2 
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Main  Rksdlts  of  Opkkation  of  thi  Railways  of  tsm.  Nsw  EHOLAm 
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Main  Results  of  Opkkation  of  the  Railways  of  thi  Middlx  Sta.ti^ 
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Table  27. 
Main  Results  or  Opkkatioh  of  the  Railways  or  thk  Pacific  States, 
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Table  28. 

Maik  Results  or  Ofbration  of  the  Railways  or  the  Enntx  Umikd 

States,  1871-188;. 
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86.  Experience  has  shown  that  the  probable  number  of 
TRAINS  PER  DAY  is  at  once  the  most  convenient  and  the  most 
exact  basis  for  arriving  at  estimates  of  probable  future  traffic, 
and  especially  expenses.  It  is  the  most  convenient,  because  it 
can  be  more  easily  and  more  correctly  anticipated  than  any  other 
item  of  future  business, — as  tonnage,  for  example, — and  also  be- 
cause we  use  the  same  unit  for  all  our  traffic,  both  freight  and 
passenger ;  and  it  is  the  most  exact,  because  it  is  by  very  much 
the  most  uniform,  measure  of  operating  expenses,  the  cost  of  a 
train-mile  being  very  nearly  the  same  whether  the  trains  are  run 
full  or  empty,  or  long  or  short,  and  not  being  materially  differ- 
ent for  freight  or  passenger  service,  although  usually  less,  by 
one  third  to  one  fourth,  for  the  latter,  as  we  shall  see  hereafter. 

Assuming,  therefore,  this  basis  for  estimates,  it  may  be  al- 
ways anticipated  that  there  will  be  one  passenger  train  per  day 
each  way,  and  that,  unless  the  traffic  be  exceedingly  limited,  this 
train  will  be  exclusively  for  passengers.  Mixed  trains,  so  called, 
are  in  but  little  and  decreasing  favor  with  railway  managers,  al- 
though it  is  not  always  possible  to  avoid  them.  When  used  at 
all,  they  are  usually  nothing  more  than  freight  trains  under  an- 
other name — accommodations  for  a  few  passengers  being  added 
chiefly  as  a  convenience  to  special  classes  of  travel,  in  the  hope 
that  such  additional  convenience  may  have,  as  it  usually  does,  a 
favorable  influence  on  the  volume  of  travel.  With  freight  traffic 
of  course  no  such  motives  intervene  to  modify  the  number  of 
trains,  so  that  mixed  trains  are  always  freight  trains  carrying  a 
few  passengers,  and  never,  in  regular  service,  passenger  trains 
carrying  freight. 

87.  Therefore,  under  the  most  unfavorable  circumstances 
there  are  pretty  sure  to  be  two  regular  trains  per  day,  one  pas- 
senger and  one  freight  or  **  mixed"  train,  over  lines  of  any  length. 
Less  than  this  is  certainly  never  contemplated  on  lines  built  as 
private  business  enterprises,  unless  on  very  short  branches  built 
as  feeders. 

88*  The  point  at  which  it  becomes  reasonable  to  anticipate 
running  two  regular  passenger  trains  daily  is  more  difficult  to  de- 
termine. 
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In  the  Northeastern  third  of  the  United  States,  as  may  be 
seen  by  examining  any  railway  guide  only  a  very  small  proj^r- 
tion  of  the  minor  branch  lines  run  only  one  pas&nger  train  a 
day,  and  but  a  very  few  of  the  lines  run  as  few  as  two  passenger 
trains  a  day.  In  the  Noilh  Central  United  States,  including 
both  slopes  of  Mississippi  Valley,  two  passenger  trains  per  day 
may  be  said  to  be  the  rule,  exceeded  only  in  the  more  populous 
regions  and  on  the  important  trunk  lines;  but  only  a  small  pro- 
portion of  the  lines  run  as  few  as  one  train  a  day.  In  the 
Southern  and  extreme  Western  States  the  mileage  may  be  said 
to  be  about  equally  divided  between  one  train  per  day  and  two, 
only  a  few  leading  lines  or  sections  of  lines  running  more  than 
two  trains  per  day.  In  England  and  on  the  Continent  the  aver- 
age number  of  passenger  trains  per  day  is  much  g^reater  than  in 
the  United  States,  except  in  the  extreme  Northeast :  but  this 
distinction  is  constantly  growing  less  with  the  rapid  increase  of 
population  and  wealth  in  the  United  States.  Tables  29  to  78 
give  many  statistics  of  the  average  number  of  trains  per  day  on 
single  roads,  and  in  groups  of  States. 

89.  There  are  immense  local  fluctuations  in  every  State  and 
Territory,  but  as  a  rule,  when  the  conditions  are  at  all  favorable 
lor  the  development  of  passenger  travel,  a  minimum  of  two 
trains  per  day  may  be  looked  for  with  some  confidence.  This  is 
especially  probable  because,  in  order  to  encourage  and  develop 
traffic,  it  becomes  expedient  to  put  on  two  trains  a  day  long  bci- 
fore  a  single  train  becomes  so  crowded  as  to  actually  compel  it. 
The  greater  facilities  so  offered  are  almost  certain  to  add  a  con- 
siderable percentage  to  the  aggregate  travel  and  revenue ;  and 
as  the  actual  additional  cost  of  the  extra  train  is,  on  the  contrary, 
but  a  small  percentage  of  the  average  cost  per  train-mile,  such  a 
train  is  almost  always  put  on  long  before  the  mere  statistics  of 
tickets  sold  begin  to  indicate  that  it  is  a  necessity.  It  is  impos- 
sible, in  fact,  until  the  volume  of  travel  becomes  large  and  the 
number  o(  passenger  trains  at  least  two  or  three  per  day,  to 
make  any  attempt  to  regulate  the  number  of  trains  so  as  to  have 
them  run  full,  without  serious  injury  to  net  revenue. 


CHAP.  IV.— PROBABLE  VOLUME  OF  TRAFFIC  97 

90.  Beyond  three  or  four  trains  per  day  there  is  much  less 
Decessity,  as  a  rule,  to  add  trains  to  accommodate  and  develop 
travel  until  the  seating  capacity  itself  becomes  too  small ;  this 
being  one  of  the  many  cases  in  which  "  the  destruction  of  the 
poor  is  their  poverty."  Nevertheless  the  results  of  experience 
with  even  the  heaviest  traffic  is  that  it  docs  not  pay  to  scrimp 
train  facilities.  Certain  trains  carry  enormous  loads  and  bring 
up  the  average  materially,  but  a  multitude  of  trains  carrying 
much  lighter  loads  are  run  with  the  heaviest  traffic,  at  frequent 
intervals,  bringing  about  the  close  correspondence  in  average 
train-load  on  roads  of  widely  different  character  shown  in  Table 


AvBKAGK  Fkuokt  and  Passengbk  Train-Load,  HAtn..  Traiii  Sekvicb,  b 
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always,  in  the  first  place,  a  certain  wastage  of  capacity  amount- 
ing to  anywhere  from  ten  to  thirty  per  cent,  according  to  cir- 
cumstances, which,  if  the  traffic  is  to  be  estimated  on  the  basis 
of  tonnage,  must  be  allowed  for.  This  wastage  also,  as  with 
passenger  business,  is  a  much  less  serious  matter  on  lines  of  large 
traffic,  especially  those  with  a  heavy  excess  of  tonnage  in  one  di- 
rection; for  in  this  case,  although  the  average  car-load  in  both 
directions  is  much  reduced,  yet  in  the  direction  of  heaviest  traf- 
fic the  obtaining  of  full  loads  is  facilitated. .  A  very  heavy  dis- 
proportion of  traffic,  from  three  or  four  to*  one,  exists  on  nearly 
all  east  and  west  lines  in  the  United  States  ;  and  most  of  them 
succeed  in  filling  up  their  average  car-load  and  train-load,  in  the 
direction  of  the  heaviest  traffic,  to  very  nearly  its  nominal  ca- 
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pacity.  Nevertheless,  even  on  such  lines,  fluctuations  and  irreg- 
ularities of  traffic  are  always  so  great,  that  it  is  no  infrequent 
spectacle  to  see  trains  running  light  in  the  direction  of  heaviest 
traffic  ;  and  the  difficulty  of  fully  filling  up  trains,  of  course,  be- 
comes much  greater  as  the  tonnage  is  less,  or,  as  already  stated, 
when  it  is  nearly  equal  in  each  direction.  There  is  also  always 
one  train  per  day,  the  way-freight,  which  averages  little  more 
than  one  half  an  ordinary  train-load,  owing  to  the  irregular 
service. 


Table  33. — Continued. 

Pennsylvania  Railroad,  by  Half  decades. 
(For  the  fig:ures  for  each  year,  and  for  direction  of  heaviest  traffic  only,  see  Index.) 
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These  figures  not  unfairly  represent  the  general  law  of  growth  in  train-load  in  the  past 
30  years  under  favorable  conditions. 
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Below  the  cross-lines  in  the  second,  third,  and  fifth  columns  there  was  a  large  increase 
of  mileage  operated,  as  also  in  some  cases  not  marked.  Most  of  the  other  cases  in  which 
the  train-load  has  decreased  are  due  to  a  falling  off  in  total  ton-mileage. 
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''^'CB  operated,  as  also  in  some  cases  not  marked.  Most  of  the  other  cases  in  which 
'^iMoad  has  decreased  are  due  to  a  falling  off  in  total  ton-mileage. 
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The  enormous  increase  in  average  freight-train  loads  which  has  taken  plaot 
in  recent  years,  without  any  considerable  changes  of  grades,  and  often  without 
much  change  in  the  motive-power  likewise,  is  shown  in  Table  33,  as  also  in 
Table  30  and  others. 

92.  Nevertheless,  it  still  remains  true  that  in  the  main,  ex- 
cepting the  "  way-freight,"  the  freight  traffic  can  be  and  is  regu- 
lated in  close  accordance  with  the  volume  which  offers  from  day 
to  day.  So  many  freight  trains,  usually  from  two  to  six,  are  put 
upon  the  time-table.  If  more  are  needed,  "extras" — a  train  run- 
ning behind  another  train  and  *'on  its  time,"  but  with  a  certain 
number  of  minutes'  interval — are  added,  sometimes  to  the  num- 
ber of  a  dozen  or  twenty,  and  very  frequently  from  two  to  six; 
the  leading  train,  and  each  succeeding  "extra"  except  the  last, 
carrying  a  red  "  flag"  as  a  signal  that  another  train  having  its 
time-table  "  rights"  is  following. 

On  the  other  hand,  if  less  trains  are  needed  than  appear  on 
ihe  schedule,  such  and  such  trains  are  abandoned  for  the  day — 
often  for  days  and  weeks  together,  even  when  other  trains  are 
running  extras.  A  near  approach  to  conditions  wh«ch  actually 
obtain  in  practice  will  be  given  by  assuming  that  the  number  of 
daily  freight  trains  will  always  be  one  more  than  is  irominally 
required  by  the  tonnage,  and  often  more,  the  office  of  thr  extra 
trains  being  simply  to  serve  as  equalizers. 

93i  The  time-table  or  schedule,  in  fact,  is,  as  regards  freight  traffic,  notMng 
more  than  a  row  of  hooks  to  hang  the  trains  on  as  required.  If  one  or  a  dozen 
of  the  hooks  stand  empty,  no  great  harm  is  done.  As  trains  come  in  or  are 
made  up,  they  are  started  off  as  either  **  regulars*'  or  "extras"  indiffereody— 
whichever  will  give  quickest  despatch  ;  some  little  effort  being  made  indeed  to 
send  out  at  least  one  train  on  each  schedule  train's  time,  on  account  of  the 
practical  inconvenience  and  danger  of  frequent  abandonment  of  trains  ;  but  the 
chief  purpose  in  preparing  freight  schedules  is  not  to  give  a  separate  time  to 
each  train,  which  are  often  behind  time,  but  to  afford  an  established  method 
for  despatching  regular  trains  promptly  at  any  hour  desired.  More  or  less  uni- 
formity naturally  prevails  in  the  business  from  day  to  day,  but  there  is  also 
much  irregularity. 

On  the  crowded  Eastern  division  of  the  Erie,  running  often  a  hnndred  tmias 
per  day,  there  are  but  two  regular  scheduled  trains,  one  for  a.m.  aod  ooa  for 
P.M.,  and  all  others  are  run  as  sections  of  this  train. 
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94*  It  should  be  mentioned  also  that,  in  attempting  to  draw  conclusions  at 
to  probable  traffic  from  statistics  as  to  '*  miles  run  by  freight  trains"  on 
neighboring  roads,  such  statistics  must  be  accepted  with  the  greatest  caution. 
An  unfortunate  custom  exists  of  comparing  locomotive  expenses  on  the  basis 
of  the  engine-mile  instead  of  the  car-mile,  and  as  a  consequence  a  habit 
has  arisen  among  master  mechanics  and^  other  officers  of  exaggerating  the 
switching  mileage  (which  is  heavy  enough  at  best)  in  every  possible  manner,  by 
heavy  allowances  for  switching  at  stations,  and  for  running  to  and  from  the 
round-house.  Instances  might  be  given  in  which  the  excess  of  this  nominal 
mileage  over  that  actually  run  between  termini  amounted  to  nearly  one  fifth, 
independent  of  the  usual  and  regular  switching  allowance  of  so  many  miles  per 
hour  to  switching  engines  proper,  which  is  separately  given.  This  fact  is  im- 
portant to  remember  not  only  in  estimating  the  volume  of  traffic,  but  also  in 
estimating  locomotive  expenses  ;  for  most  roads  make  more  or  less  allowance 
for  mileage  outside  of  the  regular  revenue  distance,  and  it  is  always  more  or 
less  deceptive,  consequently,  to  use  such  data  uncorrected  for  estimates  of  cost 
per  revenue  train-mile.  Whenever  there  is  a  marked  discrepancy  in  the  cost 
per  train-mile  on  similar  roads  this  cause  may  with  some  confidence  be  regarded 
as  the  true  explanation.  Some  reasonable  approach  to  a  correct  estimate  of  the 
probable  traffic  can  thus  be  made,  by  a  little  efifort,  from  published  statistics  of 
various  roads  and  towns,  unless  in  a  region  which  is  entirely  new  to  the  rail- 
ways, or  for  other  exceptional  causes.  The  following  statistics  will  also  be  of 
assistance : 

95.  The  average  payment  to  railix)ads  of  each  man,  woman, 
and  child'in  the  United  States  now  averages  about  $13.50,  of 
which  about  $3.50  is  for  passenger  transportation  and  $10  for 
freight.  Table  34  and  several  others  (see  Index)  give  further 
statistics  for  various  groups  of  States,  but  the  fluctuations  from 
such  averages  are  of  necessity  great.  Points  which  are  centres 
of  manufacturing  and  transportation  interests  will  have  a  many 
times  greater  traffic  than  this  to  dispose  of  ;  while,  on  the  other 
hand,  there  are  few  local  stations  which  will  fall  very  far  below 
it,  the  great  excess  of  the  few  points  being  compensated  by  the 
gieat  multitude  of  small  deficiencies. 


CHAPTER  V. 


OPERATING   EXPENSES. 


96.  We  may  gain  a  profitable  insight  into  the  general  nature 
of  the  causes  which  modify  operating  expenses,  and  especially 
of  the  effect  thereon  of  differences  of  alignment,  by  first  consid- 
ering them  in  a  very  general  way,  neglecting  all  detail. 

We  have  previously  (Chap.  III.)  compared  the  railway  to  a 
great  manufacturing  establishment — manufacturing  transporta- 
tion. Its  operating  expenses,  to  carry  out  the  analogy,  should  be 
only  another  name  for  the  total  cost  of  producing  the  commodities 
which  it  sells  ;  but  as  a  matter  of  fact  this  is  not  the  case.  The 
interest  or  *'  rental "  charge  on  its  real  estate,  and  on  most  of  its 
machinery  and  plant — the  heaviest  single  item  by  far  in  the  real 
"operating"  or  manufacturing  expenses — is  never  included  in 
what  are  called  the  operating  expenses,  but  constituted  the  fixed 
CHARGE  for  interest  on  bonds  (see  Figs,  i,  2,  3).  Counting  in 
the  **  fixed  charges"  as  part  of  the  "  operating"  or  manufacturing 
expense,  the  latter  never  amount  to  much  less  than  80  per  cent, 
and  from  that  to  considerably  over  100  per  cent,  for  long  periods 
of  time.  The  average  for  the  whole  United  States  is  somewhat 
under  90  per  cent,  leaving  but  little  more  than  10  per  cent  profit 
on  the  goods  sold  to  be  distributed  to  the  managing  companies. 
Under  favorable  circumstances  this  profit  is  as  much  as  15  or 
20  per  cent ;  very  rarely  more.  Tables  35  and  36  give  a  clearer 
idea  of  the  law  in  this  matter. 

97.  As  these  fixed  charges  increase  in  somewhat  faster  ratio 
than  the  cost  of  construction,  and  are  the  same  per  year  whether 
the  business  be  large  or  small  or  none  at  all,  the  g^at  impor- 
tance of  (i)  diminishing  the  expenditure  for  construction  as  much 
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Table  35. 
Stock  and  Bonds  Pik  Mils  op  Road  by  Sections  op  thi  Unitkd  Statis 


Gkoups  or  Statbs. 


New  England, 

Middle 

Southern 

Western 

Pacific 


United  States, 
Canada 


Milct. 

Stock  and  Bonds  Pbr  Milb. 
X  =  $1,000. 

Stock. 

Bonds. 

Other  D*t. 

Total. 

5.910 
14.942 
12.978 
46,102 

4.461 

31.6 

47-5 
15.8 
24.8 
33-2 

21.5 

49-3 
19.2 
22.7 
35.8 

2.75 
2.87 

1-37 
1.48 

2.58 

55-85 

99-67 

36.37 
48.98 

71.58 

84.393 

28.4 

27-3 

1.86 

57.76 

Rerenoc 
per  Mile. 
I  =  $1,000. 


8.00 
13.30 
3.56 
6.34 
7-53 

7-31 


1885. 


New  England. 

Middle 

Southern 

Western 

Pacific 


United  Sutes 

1884. 
1883. 
1882. 


•« 


«< 


6.412 

18,595 
20.584 

74.854 
7.284 


127,729 


31.8 

57.3 
20.2 

25.2 

34.0 


30  9 
30.1 
30.8 
30.7 


21.9 
53-6 
24.6 
25.6 
28.5 


29  5 

29-3 

28.7 

28.3 


2.46 

4.87 
1.20 

1.49 

2.20 


2  03 
2.0 
1.9 
1.9 


56.16 

"5-77 
46.00 
52.29 
64.70 


61.43 
61.4 
61.4 
60.9 


8.87 

11.53 
3.66 

5  25 

4.55 


6.22 
6.76 

7.54 
7.60 


The  nominal  cost  of  road  and  equipment  for  the  whole  United  States  was  for  these 


1882. 

$52,790 


1883. 

$55»50O 


1884. 

$55,300 


1885. 

$S5,«oo 


The  Canadian  railways  avera^  but  $ii,ooo  of  bonds  per  mile,  and  $58,230  of  stock 
and  bonds  together.  Excluding  the  Grand  Trunk,  which,  with  36  per  cent  of  the  mileage, 
has  45  per  cent  of  the  capital,  there  are  only  $38,000  per  mile  of  both  stock  and  bonds. 
More  than  one  fourth  of  the  total  capital  (145  millions  out  of  558,  for  9,575  miles,  in  1884) 
was  contribated  from  governmental  sources.  Earnings  are  correspondingly  smah,  being 
for  1884: 

Canada  Southern,  )  ^        ^^^^^  \  $10,600  per  mile. 

Grand  Trunk,        )    '^^  \     6,390  "      •• 


3|5  remaining  lines,  6,635 


•• 


3,0x0 


t( 


i« 


9»47S  miles,       3,491  per  mile. 


io8 
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Table  36. 
Distribution  of  Gross  Revbnue,  in  Per  Cent  of  Total 

1880. 


Gkovps  or  States. 


New  England. 

Middle 

Southern 

Western 

Pacific 


Total  U.  S. 


Pbs  Cbnt  or  Rbcsipti  Dbvotbd 


Op'ff  Exp. 


68.1 
62.4 
63.5 

53-9 
50.2 


58.3 


Net  Rev. 


31.9 
37.6 

36.5 
46.1 

49. B 


41.7 


InteresL 


11.25 

19.33 
16.84 

16.98 

23.05 


17.58 


DiTidoids. 


16.83 

14.24 

7.43 
11.72 

14.50 


12.55 


1885. 


New  England. 

Middle 

Southern 

Western 

Pacific 


Total  U.  S. 


69.8 
64.7 

67.3 
65.0 

55.7 


65.1 


30.2 

35.3 
32.7 
35.0 
44.3 


34-9 


13.53 
27.56 

27.14 
22.24 

45.00 


24.52 


16.10 

13.92 
3.40 
9.06 

4.57 


10.05 


United  States  rox  bach  Ybak  rROM  1879  to  1885. 


1879. 
1880. 

i88f. 

1882. 

1883 

1884. 

1885. 


21.18 

17.58 
18.33 
20.02 
21.00 
22.90 
24.52 


11.72 

12.55 

13.30 

13.23 
12.38 
12.09 
10.05 


as  true  economy  permits,  and  (2)  increasing  the  traffic  (sales)  so 
that  this  burden  may  constitute  a  less  percentage  of  the  entire 
business,  is  evident.  Omitting  them,  the  operating  expenses 
PROPER  (corresponding  to  the  expenses  of  simply  running  and 
maintaining  a  factory  which  has  once  been  thoroughly  equipped^ 
and  of  selling  the  manufactured  products)  amount  usually  to 
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about  two  thirds,  or  67  per  cent,  of  the  receipts,  varying  however 
enormously  (from  but  little  over  50  to  more  than  90  per  cent) 
with  different  roads.  Table  37  and  others  give  an  idea  of  the 
general  tendency  for  a  long  period  of  years. 

As  the  ratio  of  expenses  to  receipts  may  be  made  less  either 
by  the  receipts  being  larger  or  the  expenses  being  smaller,  the 
fact  that  the  ratio  is  low  or  high  is  no  real  test  of  economy  in 
operation,  nor  of  the  value  of  the  property.  Wherever,  from 
absence  of  competition,  the  rates  are  very  high, — as  formerly 
on  the  Pacific  railways,  Panama  Railrpad,  and  many  lines  in 
Europe, — this  ratio  will  be  small,  even  in  the  face  of  heavy  ex- 
penses. Wherever  all  or  nearly  all  railways  have  been  very 
costly,  as  largely  throughout  Europe,  it  will  also  be  small,  since 
the  fixed  charges  will  constitute  a  larger  proportion  of  the  tax 
on  earnings,  and  rates  will  naturally  adjust  themselves  to  pay  (i) 
all  operating  expenses,  (2)  all  rental  or  fixed  charges,  and  (3)  a 
fair  profit  to  the  managing  company. 

Wherever  several  lines  are  so  situated  that  their  business  is 
largely  competitive,  and  must  be  handled  at  the  same  gross 
price,  but  one  or  more  of  them  has  better  grades,  or  a  shorter 
line,  or  more  traffic,  or  other  special  advantages,  one  line  will 
permanently  show  a  lower  percentage  of  expense  than  the  others, 
which  will  have  no  meaning  as  an  indication  of  real  excellence 
of  management.  This  latter  law  is  strikingly  illustrated  by  the 
trunk-line  percentages  in  Table  37,  the  cause  for  the  differences 
in  which  is  explained  in  a  following  note  and  in  Chap.  XXI. 

98.  The  operating  expenses  proper  are  very  irregularly 
affected  by  the  amount  of  business  or  by  the  character  of  the 
alignment.  A  very  large  proportion  of  them  are,  like  the  rental 
or  fixed  charges,  independent  of  both  :  such  as  the  salary  of  the 
president  and  other  officers ;  maintenance  of  works  and  plant 
against  the  deterioration  which  comes  with  time,  irrespective  of 
work  done ;  salaries  of  local  freight  and  passenger  agents,  a 
large  proportion  of  whom  must  be  employed  anyway,  whether 
considerable  sales  are  made  or  not.  This  immense  class  of  the 
expenses  amounts,  as  we  shall  see,  to  nearly  one  half  of  the 


no 
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Table  37, 
Percbntage  of  Operating  Expenses  to  Rbvenub. 


Date. 


1849-50 

1851-55. 
1856-60. 

1861-65. 

1866-70. 

1871-75. 
1876-80. 

1881.... 
1882.... 

1883 

loo^*  •  •  • 
1885.... 


1881-5. 


Trunk  Lines. 

N.Y.C. 

Erie. 

Penn. 

B.&O. 

45  0 

X 

56.0, 

51.64 

62.5 

57.1 

66.4 

58.8 

r 

68.0 

64.6 

60.1 

1 

69.7 

76.2 

71.0 

J 

63.1 

71.3 

59.7* 

58.8, 

61.3 

70.0 

55.7 

53.9 

65.1 

64.0 

56.0 

56.4 

67.9 

65.5 

58.0 

56.7 

66.1 

67.7 

57.2 

53.1 

67.6 

75.6 

58.2 

54.5 

72.8 

75.8 

62.2 

59.2 

67.9 

69.7 

58.3 

56.0 

SscnoNs  OP  U.  S.* 


N.B. 


Mid. 


No  s  tatisti 


68.6, 
65  9 


59-6, 
59-7 


68.6 
70.7 

74.5 
71.8 

69.8 


71. 1 


63.0 
64.8 
64.0 

65.5 
64.7 


64.4 


W.  & 

s.  w. 


So. 


cs  available. 


(64.7). 
(61.2) 


58.2 
51.2 
63.2 
64.2 
65.0 


60.4 


66.6. 
65.8 


Pac. 


43.8, 
56.5 


67.4 
66.7 
66.5 

65.5 
67.3 


66.7 


55.5 
63.6 
63.0 
60.2 

55.7 


59.6 


At. 

U.S. 


64.3 
60.9 


61. 1 
63.6 
63.8 
65.2 
65.1 


63.8 


United  Kingdom 1876  54.6 

Prussia 1879  54-3 

Italy 18S0  68.0 

Spain 1880  61.5 

India 1880  51.0 

Subscript  figures ^  i,  i,  etc.,  indicate  the  number  of  years  for  which  the  average  is 
given  when  less, than  5.  The  groups  of  States  are  those  of  Poor's  Manual  for  the  years 
before  1886. 

From  the  above  table  we  may  conclude  that  no  marked  tendency  exists  to  increase  or 
diminish  the  ratio  of  receipts  to  operating  expenses,  both  of  which — as  may  be  seen  from 
other  tables — have  a  tendency  to  fall  rapidly  and  about  equally. 

The  fluctuations  0/ individual  lines  in  respect  to  this  ratio  are  often  extreme,  as  may 
be  seen  even  with  the  trunk  lines,  and  rarely  affords  any  trustworthy  indication  of  efficiency 
6i  management,  the  cause  almost  always  lying  deeper,  and  being  incapable  of  essential 
modification  by^any  skill  of  management  without  change  of  external  conditions.  Thus  the 
Pennsylvania  Railroad,  having  the  shortest  haul  (and  consequently  the  highest  receipts 
per  mile)  on  traffic  between  almost  all  points  in  the  West  and  the  Atlantic  coast,  will  forever 
maintain,  under  equal  skill  in  management,  a  ratio  of  receipts  to  expenses  from  xo  to  15 
per  cent  higher  than  the  Erie.  The  New  York  Central  would  compare  «till  more  un- 
favorably in  this  respect  except  that  the  enormous  volume  of  its  local  traffic  favonbly 
modifies  its  average,  which  will  on  this  account,  under  existing  conditions,  be  always  more 
favorable  than  the  Erie.  The  low  ratio  of  the  Baltimore  &  Ohio,  as  respects  the  Pten- 
sylvania,  is  due  almost  exclusively  to  the  greater  relative  volume  of  its  coal  traffic,  wMdl 
Is  always  carried  in  full  trains  at  low  cost.  The  same  effect  is  still  more  strikingly  Tisible 
in  table  giving  the  history  of  the  Philadelphia  &  Reading  Railroad.  See  Index,  and 
Chapter  XXI.,  pars.  973-4. 
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operating  expenses  proper — the  other  half  only  varying  more  or 
less  closely  with  the  details  of  the  line  and  grades,  and  very 
much  less  than  half  with  slight  changes  in  volume  of  traffic. 

99.  Therefore,  it  may  be  said  in  a  general  way  that  ten  per 
cent  added  to  revenue  is  as  good  as  fifteen  per  cent  taken  off 
operating  expenses  ;  and  this  again  means  thirty  per  cent  taken 
off  that  portion  of  the  operating  expenses  which  varies  with 
hne  and  grades.  To  gain  or  lose  ten  per  cent  in  revenue  by 
slight  differences  in  the  route  selected  is  very  easy.  To  reduce 
the  whole  operating  expenses  fifteen  per  cent  by  differences  in 
alignment  which  do  not  increase  the  cost  of  construction,  is  not 
so  easy.  Let  us  illustrate,  by  examples  free  from  detail,  the  very 
important  moral  conveyed  in  these  facts.  We  will  assume  the 
case  of  a  fairly  prosperous  line  of  the  second  grade,  whose  in- 
come and  outgo  we  shall  find  may  be  distributed  in  something 
like  the  following  manner  : 

Per  Cent.       Per  Mile. 

Gross  revenue ^ loo.o         $7,000 

0{>erating  expenses,  unaffected  by  either  alignment  or 

volume  of^traffic  (50  p.  c.  of  operating  expenses),     .     33.3  $2,333 

Ditto,  increasing  directly  with  considerable  changes  in 

alignment  or  volume  of  traffic,  but  not  with  trifling 

changes  (40  p.  c), 26.7  1,867 

Ditto,  increasing  directly  with  the  less  important  changes 

in  alignment  or  traffic  (10  p.  c), 6.7  467 

Total  of  nominal  operating  expenses 66.7  $4>667 

Add  to  the  latter  the  rental  or  interest  charge  (6  p.  c.  on 
$30,000  per  mile,  assumed  cash  cost  of  road  and 
plant) 25.7  1,800 

Total  of  true  operating  expenses,  or  cash  cost  of 

producing  the  transportation  sold, 92.4  $6,467 

Surplus  available   for  dividends    being   the    business 

profit  resulting  from  operation, 7.6  $533 

Let  us  now  see  the  effect  of  increasing  or  decreasing  the 
gtoss  revenue  ten  per  cent,  as  it  is  frequently  possible  to  do  (one 
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might  perhaps  more  fairly  say,  rarely  difficult  to  do)  by  probable 
differences  of  alignment  alone.    We  have,  if  it  has  been  increased: 

Per  Mile.      Per  Cent 
Increase. 

Gross  revenue  (increased  lo  per  cent), t7>7oo  10.0 

Operating  expenses  iio  p.  c.  only  increased  10  p.  c), 

or  $47  per  mile  increase, 4t7i3  i*o 

Fixed  charges  (assumed  unchanged) 1,800  0.0 

Total  charges  against  revenue, 6*513  0.7 

Surplus  available, 1,187  119.C 

The  surplus  available  for  dividends  is  more  than  doubled. 
On  the  other  hand,  if  there  has  been  ten  per  cent  loss  oi 
traffic,  we  have — 

Per  Mile.     Per  Cent 
Decrease. 

Gross  revenue, t^tSoo  10.0 

Operating  expenses  (10  p.  c.  of  10  p.  c.  only  decreased 

10  p.  c), - 4,620  1.0 

Fixed  charges 1,800  0.0 

Total  charges  against  revenue, 6420  — 

The  expenses  are  a  little  over  the  receipts,  and  the  road  is 
on  the  way  to  a  receivership,  if  it  has  been  opened,  as  it  is  very 
apt  to  be,  in  one  of  the  years  in  which  an  ebb  in  the  business  tide 
is  beginning,  and  there  is  no  apparent  growth  (often  a  decrease) 
in  traffic  for  several  years. 

100.  Again:  Let  us  suppose  that,  by  an  improvement  of  or  in- 
jury to  the  line  and  grades,  we  increase  or  decrease  the  average 
train-load  30  per  cent — often  not  difficult  to  effect.  Our  account, 
if  we  have  improved  the  grades,  will  then  stand  as  follows: 

Per  Mile.     Per  Cnt. 

Gross  revenue, t7.ooo  oo 

Operating  expenses  (30  p.  c.  of  50  p.  c.  saved,  or  $700),    3,967  15JO 

Fixed  charges  (as  above), 1,800  oouo 

5767 
Surplus  available  for  dividends, i>233  ijijO 
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Or,  we  have  benefited  the  line  greatly  indeed,  and  yet  but 
little  more  than  if  we  had  added  10  per  cent  to  revenue.  On 
the  other  hand,  reversing  this  process,  we  find,  as  before,  that 
the  road  is  on  the  way  to  a  receivership. 

101.  Let  us  suppose,  by  an  unnecessarily  extravagant  scale  of 
expenditure,  for  purposes  which  do  not  really  add  much  in  dol- 
lars and  cents  to  economy  of  operation,  we  have  increased  the 
capital  account  or  rental  charge  33  per  cent,  in  a  way  which 
does  not  decrease  operating  expenses  more  than  2  per  cent, 
nor  add  anything  to  revenue — a  not  uncommon  case,  since  the 
use  of  6°  instead  of  10^  maximum  curves  will  alone  suffice  to  do 
it,  in  some  cases.     We  have  then 

Per  Mile. 

Increased  the  rental  charge  33  p.  c,  or $600 

Decreased  operating  expenses  2  p.  c,  or 93 

Net  increase $507 

Or  within  $26  of  wiping  out  the  surplus  over  expenses  and 
fixed  charges.  If  we  have,  in  addition,  adopted  a  line  which, 
instead  of  being  better,  is  really  more  expensive  10  operate 
than  another  line  which  would  have  cost  no  more — or  if,  pos- 
sibly, we  have  adopted  a  line  which,  in  addition  to  being  more 
expensive,  involves  a  certain  sacrifice  of  revenue,  a  receiver- 
ship is  practically  assured.  Both  of  these  are  very  probable 
contingencies,  but  if  we  have  escaped  them,  we  have  barely 
saved  ourselves.     The  profit  from  the  enterprise  is  destroyed. 


102.  A  great  change  has  taken  place  within  the  past  ten 
or  fifteen  years,  and  indeed  is  still  in  progress,  in  the  operat- 
ing expenses  of  railways,  as  a  result  of  the  introduction  of  cer- 
tain modern  improvements,  and  notably  the  steel  rail.  At  so 
recent  a  period  as  the  publication  of  the  first  edition  of  this 
treatise  (1877)  these  improvements  had  hardly  begun  to  tell  at 
all  upon  the  statistics  which  were  available  for  its  preparation  ; 
but  they  have  already  (1885)  modified  them  profoundly,  and 
where  the  process  will  end  it  is  impossible  to  foresee  with 
8 
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See  also  Lake  Sbore  &  Uicbigan  Southern  statisKcs,  Tables  30,  31,  and  othen  fol- 

The  above  suffices  (o  show  (hat,  while  there  hai  been,  on  the  whok,  a  decline  in 
expenses  per  train-mile,  yet  tlie  main  part  of  the  eoormous  ecoDomjt  per  ton-mile  sbowa 
in  Table  38  has  conie  about  by  the  increase  in  average  ttain-load  shown  in  Table  33,  wiii 
not  in  saving  of  cost  per  train-mile,  which  does   not  appear  likely  to  decreaae  mudi 

The  average  earnings  per  (rain-mile  of  British  railways  have  faUen  every  year  bnt  one 
since  1874,  having  been  $1.36  in  1874,  $i.a6  in  1879,  and  Si.[9  in  1884.  But  the  decnan 
In  working  expenses  has  been  almost  as  regular,  and  until  1S81  just  as  great,  so  (hat  tba 
net  earnings  per  train  were  very  uniform,  varying  only  between  60.34  *^^  61.36  centi  pK 
train-mile  [rom  1S74  to  iSSo.  Since  187;  the  earnings  and  eipensei  have  been,  In  ccnii 
per  tiain-mile; 

1877.  IS7«.  iS«0.  IB8i.  ISai.  1B8S.  HM. 

Receipt! 130  !<>         iiA  94         »5  4>         »3  4*         »].ls         ■•>.}<         iig.i* 

Co»t «9  j8  f*>aa  64.74  t4  tf  64. »4  <4.»l  ^.i* 

Profit «i.i9  fn.iK  fo  M  5<.9i  S*-U 


CHAP,   v.— OPERATING  EXPENSES.  1 17 


the  Britiih  nilwaTs  hai  been  in  the  cost  o(  nuialtDUUX  of  road.  Tliis  has  falteo  from 
15.70  cents  pet  train-mile  in  1874  to  11.76  is  187911111 11.64  cents  in  18&4.  Ptrmilisf 
read  eipense*  langed,  [or  the  five  jrcara  from  1874  to  1S7B  inclusive,  (ram  $i,S6s  If 
^,030  [or  maiDteoance  of  road,  and  avenged  $1,965.  Then  thej  fell  oS  suddenly  U 
$i,6go,  and  have  ne*cr  been  90  loo  since,  nngiae  thence  to  $i,8oo  in  1883  aad  $i,7jo  in 
1884,  and  aTEraeins  $i,75'  'rom  1S79  lo  1884. 

The  total  eipenies  per  mile  of  road  have  ranged  from  f9,C6s  in  187J  and  $9^615  in 
1883  to  $8,77s  in  1879,  and  the  gross  earnings  averaged  ¥171690  lot  the  five  jeui  from 
1874  to  1878,  reaching  the  niaumum,  f  18,355,  ii>  >885 

will  probably  be  greater  than  those  of  the  last  ten,  and  all  thai 
we  can  be  sure  of  is  that  the  cost  per  ton-mile  (not  probably  pei 
train-mile)  will  continue  to  fall  rapidly,  although  it  hardly  seems 
possible  that  it  can  fall  quite  so  rapidly  as  in  the  last  ten  years. 
Table  38  and  others  will  show  the  recent  changes  in  the  cost 
per  ton-mile,  and  Table  39  the  changes  in  the  cost  per  train-mile. 

106.  Nevertheless,  it  fortuaatcly  happens  that  those  items  of 
expenditure  with  which  we  are  more  immediately  concerned — 
those  which  are  affected  by  the  location  of  the  line — may  be 
anticipated  with  reasonable  certainty  from  known  facts  and 
tendencies,  although  it  is  not  expedient  to  rely  too  much  on 
existing  statistics  of  the  immediate  past  of  railways  in  respect 
to  some  items,  as  notably  steel  rails;  since  it  would  tend  to  the 
dangerous  error  of  overestimating  the  probable  expenses. 

107.  The  operating  expenses  of  railways  divide,  naturally, 
for  the  purpose  which  we  have  immediately  in  view,  and  in  the 
main  for  all  purposes,  into  the  three  great  classes  below  : 

1.  Maintenance  and  Renewal  of  Way  and  Works,  in- 
cluding all  permanent  structures  and  buildings,  except  engine 
and  car- shops. 

This  has  until  recently  averaged  very  uniformly  25  per  cent 
of  the  total  expenses  on  all  American  railways.  It  is  now 
decreasing  both  relatively  and  absolutely,  but  far  less  rapidly 
than  might  be  expected,  because  of  both  temporary  and  per- 
manent  causes  below  mentioned. 

2.  Train  Expenses,  including  all  expenses  of  every  nature 
and  kind  connected  with  the   running,  handling,   maintenance 

of  motive-power  and  rolling-stock,  but  not  includ- 
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Jng  any  station  or  terminal  expenses,  except  switching.  These 
expenses  have  heretofore  averaged  very  close  to  42  per  cent 
of  the  total  operating  expenses,  and  cost  from  30  to  50  cents 
per  train-mile.  They  have  decreased  considerably  per  train- 
mile  for  the  same  class  of  engines,  but  the  introduction  of 
heavier  engines  will  have  a  tendency  to  keep  them  more  nearly 
constant.  Relatively  to  the  other  operating  expenses  they  are 
growing  continually  more  important. 

3.  Station,  Terminal,  and  General  Expenses  and  Taxes. 
With  these  we  are  very  little  concerned.  Most  of  them  vary 
more  or  less  (for  the  most  part,  less)  with  the  tonnage  or 
volume  of  business ;  but  all  of  them  are  independent  of,  or  in- 
appreciably aiTected  by,  any  of  the  details  of  lines  and  grades, 
and  therefore,  for  our  present  purpose,  may  be  included  to- 
gether and  neglected,  except  as  to  their  aggregate.  Taxes  at 
first  sight  appear  to  be  affected  by  the  alignment,  in  so  far  as 
rhey  might  increase  with  the  length  of  the  road  ;  but  taxes  are 
i^^sed  upon  value  and  not  on  cost,  and  hence,  although 
nominally  based  upon  distance,  are  in  reality  much  more  truly 
based  upon  low  grades,  large  traffic,  and  good  rates.  They  are, 
moreover,  too  small  and  variable  an  item  to  justify  their  consid- 
eration as  one  of  the  expenses  affected  by  any  of  the  details  of 
alignment.  Station  expenses  also,  and  all  the  other  expenses 
mentioned,  are  the  same  tor  the  same  business,  whatever  changes 
in  the  alignment  may  be  made,  except  as  such  change  brings 
additional  way  business  ;  but  even  then  the  change  will  rarely 
be  sufficient  to  appreciably  modify  the  station  expenses.  For 
its  indirect  value  in  such  cases  and  others,  and  as  a  matter  of 
general  information,  Tables  75  to  80  give  what  the  cost  of  the 
various  items  of  station  and  general  expenses  amount  to  on 
various  roads  and  in  various  sections. 

maintenance  of  way. 

109t  The  steel  rail  has  revolutionized  maintenance  of  way.  Previous 
to  its  advent  the  great  trunk  lines  were  engaged  in  an  unceasing  strug- 
gle, which  was  rapidly  becoming  hopeless,  to  maintain  their  lines  in  a 
decently  safe  and  passable  condition.    Much  of  this  difficulty  was  due  to 
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the  most  culpable  carelessness  as  to  the  quality  of  rails  purchased  ;  but 
the  difficulty  existed,  and  was  only  partially  remediable  at  best.  The 
cost  of  rail  wear  alone  per  train-mile  was  from  7  to  9  cents,  and  their  life 
on  important  lines  was  measured  by  months  rather  than  years. 

Under  these  circumstances  the  track  was  constantly  disturbed,  the 
ties  cut  full  of  spike-holes,  the  joints  imperfect  and  irregularly  spaced, 
owing  to  the  constant  cutting  of  rails,  the  line  and  surface  difficult  to 
maintain  correctly,  and  anything  like  a  permanent  rock  ballast  well-nigh 
out  of  the  question,  although  it  was  occasionally  used.  As  a  further  and 
very  natural  consequence  all  maintenance  expenses  for  the  above  items 
varied  to  a  very  remarkable  degree,  in  almost  exact  ratio  with  the  ton- 
nage and  rail  wear — as  indeed  they  still  do,  but  to  a  less  noticeable  ex- 
tent. Some  evidence  of  the  former  conditions  is  still  preserved  in  Table 
40.  but  further  space  need  not  be  devoted  to  the  discussion  of  conditions 
which  no  longer  exist  to  any  extent. 

110.  The  superiority  of  the  steel  rail  lies  not  so  much  in  its  greater 
strength  and  toughness  (although  it  is  stronger  by  20  to  30  per  cent)  as 
in  its  greater  homogeneousness  and  absolute  freedom  from  grain.  In 
other  words,  when  of  good  quality  it  is  tough  enough  to  last  until  it  is 
worn  out,  whereas  the  iron  rail  splits  into  pieces  long  before  it  has  lost 
any  serious  amount  by  wear.  The  wearing  properties  proper  of  iron  and 
steel  rails — their  resistance  to  abrasion— are  not  materially  different. 

HI.  The  average  life  of  good  steel  rails  properly  manufactured  and 
inspected  so  as  to  eliminate  all  imperfections  arising  from  a  lack  of  ordi- 
nary care  and  skill,  and  weighing  60  to  80  lbs.  per  yard,  according  to 
the  weight  of  engine,  has  now  been  determined  with  a  considerable 
approach  to  certainty  to  be  about  150,000,000  to  200.000,000  tons,  or 
(what  is  probably  a  more  correct  way  of  putting  it)  from  300.000  to 
500.000  trains.  From  10  to  15  lbs.  or  three  eighths  to  five  eighths  of  an 
inch  in  height  of  the  head  of  such  a  rail  is  available  for  wear,  and  abrasion 
takes  place  at  the  rate  of  about  i  lb.  per  10,000,000  tons,  or  one  sixteenth 
inch  per  14,000,000  to  15,000,000  tons.  This  durability  may  be  regarded 
as  nearly  a  minimum  for  strictly  first-class  rails,  as  many  recorded  obser- 
vations indicate  a  much  higher  durability. 

112.  Unfortunately,  it  may  be  said  to  be  the  rule  rather  than  the  ex- 
ception, that  American  railways  now  buy  their  steel  rails,  as  they  for- 
merly bought  their  iron  rails,  without  any  effective  inspection  as  to  quality ; 
the  so-called  inspections,  when  there  is  any  even  in  form,  being  confined  to 
the  exterior  qualities  of  the  rail.  Unfortunately,  also,  a  few  years  since  the 
result  of  an  investigation  on  the  Pennsylvania  Railroad  into  the  wearing 
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qualities  of  steel  rails,  which  showed,  or  seemed  to  show,  that  very  hard 
rails  did  not  wear  so  well  as  softer  and  tougher  rails,  was  taken  to  indi- 
cate that  softness  in  itself  was  a  desirable  quality  in  a  rail ;  and  *i^e  pains- 
taking character  of  the  investigation  and  high  reputation  of  the  road 
having  given  these  conclusions  wide  dissemination,  manufacturers  for 
many  years  took  them  as  a  guide,  and  between  1880  and  1885  produced 
rails  which  have  deformed  readily  under  the  impacts  of  service,  espec- 
ially at  the  joints,  and  have  also  worn  away  very  rapidly,  so  that  their  life 
has  often  been  only  a  year  or  two  under  very  moderate  trunk-line  traffic 
In  instances  it  has  been  only  a  few  months. 

113.  The  particular  cause  for  this  deterioration  of  quality,  whether  it 
is  chemical  or  mechanical,  or  both,  is  as  yet  obscure.  It  is  probable  that 
as  there  has  been  no  adequate  inspection  to  enforce  sound  practice  the 
chemical  composition  has  suffered  by  the  use  of  cheaper  ores,  cheaper 
men  to  supervise  manufacture,  and  less  care  in  all  the  processes.  But  a 
chief  cause  is  probably  mechanical — that  the  "  bloom,"  or  first  rough  cast- 
ing of  the  steel  from  the  converter,  out  of  which  the  finished  rails  are  fash- 
ioned, is,  in  the  first  place,  heated  unduly  hot  for  passing  through  the 
rolls,  ^ind,  in  the  second  place,  is  passed  through  them  a  less  number  of 
times,  or  too  rapidly,  or  both.  In  order  to  roll  a  rail  very  rapidly  and 
with  few  passes  it  must  necessarily  be  very  hot,  both  to  begin  with  and 
when  it  finally  leaves  the  rolls.  Its  molecular  structure  might  be  expected 
to  be  disadvantageously  affected  by  this  lack  of  surface  compression,  ind& 
pendently  of  the  fact  that,  being  left  to  cool  slowly  after  it  leaves  the 
rolls,  it  is  thoroughly  annealed  by  the  same  process  as  makes  the  finest 
tool  steel  soft  enough  to  readily  suffer  deformation  from  dies.  The 
rapid  motion  of  the  roils,  moreover,  may  not  give  the  molecules  suffi- 
cient time  to  flow  upon  each  other  properly,  and  a  spongy,  unhomogene- 
ous  metal  is  the  result. 

114.  Whether  or  not  this  is  the  true  explanation,  it  cannot  be  ques- 
tioned that  there  is  some  equally  simple  and  easily  remedied  expla- 
nation, because  certain  makers  do  produce  rails  of  excellent  quality 
which  are  sold  at  the  same  price  as  the  inferior  ones.  The  remedy, 
therefore,  lies  simply  in  more  thoroujjh  tests,  especially  for  ability  to 
lesist  deformation ;  and  it  would  be  erroneous  to  conclude  from  this  ad- 
mitted but.  it  may  reasonably  be  hoped,  temporary  evil  that  the  estimate 
of  cost  of  rail  service  should  be  permanently  increased.  The  reasonable 
cost  per  train-mile  of  rail  wear  may,  on  the  basis  of  the  facts  above 
given  as  to  the  life  of  rails,  be  estimated  at  from  0.3  to  0.5  cents,  as  fol- 
lows: 
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Cost  of  one  mile  of  steel  rails,  95  long  tons,  at  $30^     .    .  $2,850 
Less  scrap  value  of  unworn  steel,  say  nearly  half,    .    .    .     1*350 

Leaving  as  net  cost  of  wearable  portion,  per  mile,  .    .    .  $1,500 

Divided  by  total  life  of  300,000  to  500,000  trains,  this  gives  0.3  to  0.5 
cents  per  train-mile ;  but,  in  view  of  the  present  difficulty  of  getting  good 
rails,  and  tendency  to  increase  the  weight  of  trains,  we  may  assume  the 
even  figure  of  i.o  cents  per  train-mile  as  a  maximum  which  there  is  no 
need  of  ever  exceeding. 

No  allowance  for  interest  or  discount  to  represent  the  present  value  of  the 
scrap  is  made  in  this  estimate,  nor  should  there  be,  although  at  first  sight  an 
argument  to  the  contrary  seems  plausible.  The  whole  original  cost  of  the  steel 
is  a  permanent  part  of  the  cost  of  the  property  on  which  interest  must  be  paid, 
like  the  cost  of  the  ties  and  structures.  The  renewals  for  each  year  simply 
represent,  in  the  long-run,  the  rail  wear  for  that  year,  and  no  question  of  inter- 
est is  involved  in  the  cost  of  simply  using  the  steel  to  run  trains  over. 

115.  The  locomotive  alone  causes  by  far  the  greater  portion  of  this 
wear — how  much  is  not  positively  known.  Freycinet.  a  French  engineer, 
writer,  and  politician  of  much  prominence,  recently  Minister  of  Public 
Works,  estimates  that  the  locomotive  does  three  fourths  of  the  damage 
and  the  train  itself  onlv  one  fourth.  Launhardt.  a  German  writer  on  the 
subject,  after  noting  the  fact  that  the  locomotive  and  tender  together 
constitute  only  one  fifth  of  the  total  weight  of  train  on  the  Prussian  State 
railways  (it  would  be  considerably  less  in  this  countr>').  considers  that  half 
the  wear  is  due  to  the  locomotive  and  tender  and  half  to  the  train.  This 
in  all  probability  is  a  very  moderate  estimate.  Experience  on  the  gravity 
railways  in  Eastern  Pennsylvania,  worked  solely  by  inclined  planes  and 
carrying  a  heavy  coal  traffic  with  the  ordinary  vehicles,  and  with  all  other 
usual  conditions  except  that  no  locomotives  run  over  the  rails,  shows 
that  the  rail  wear  even  of  iron  rails  is  very  slight  indeed  under  heavy  ton- 
nage, but  with  light  loads  per  wheel ;  but  exact  figures  of  the  wear  cannot 
be  presented.  Mr.  O.  Chanute  investigated  this  question  somewhat  by 
placing  impression  paper  between  the  rails  and  wheels  and  determining 
the  areas  of  the  surfaces  in  contact.  He  points  out  that  the  pressure  of 
the  drivers  approximates  to  the  ultimate  crushing  resistance  of  the 
metal,  and  that  the  pressure  per  unit  of  area  is  very  much  less  with  ordi* 
nary  car-wheels.  He  therefore  reaches  substantially  the  above  coada- 
sions — that  from  one  half  to  three  fourths  of  the  total  wear  of  the  nils 
originates  from  the  engine  alone. 
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116.  We  may  assume,  therefore,  the  cost  of  maintaining  fairly  good 
steel  rail  at  0.5  to  i.o  cent  per  train-mile;  the  cost  of  additional  engine- 
mileage,  tiie  Ciirtonnage  remaining  constant,  being  only  half  as  great. 
These  values,  although  in  round  figures,  probably  approximate  very 
closely  to  the  facts,  and  the  very  best  quality  of  rail  might  reduce  them 
one  half;  but  the  poorer  qualities  which  have  been  so  generally  sold 
of  late  years  greatly  increase  it,  when  so  poor  that  the  rail  speedily 
mashes  out  of  shape,  and  from  this  cause  and  renewals  of  the  still  re- 
maining iron  rails  combined.  2  cents  is  nearer  the  present  average  (see 
Tables  75-80).  Much  of  the  rapid  wear  of  rails  results  from  the  imper- 
fections of  the  fish-plate  type  of  joint  which  is  now  universal.  Its  de- 
fects of  principle  are  such  tljat  it  seems  quite  certain  to  be  supplanted 
within  a  decade  by  something  better — probably  by  something  closely  re- 
sembling in  principle  the  Fisher  *'  bridge"  joint,  if  not  identical  with  it. 

TRACK    LABOR. 

117.  This  item  includes  all  the  considerable  elements  of  cost  in  main- 
tenance of  w;jy  proper  outside  of  rails,  ties,  and  frogs  and  switches.  It 
has  been  unmistakably  falling  in  the  last  ten  years,  the  decrease  on  many 
roads  having  been  as  much  as  fifty  per  cent.  About  one  fourth  to  one 
third  of  this  decrease  is  accounted  for  by  the  decrease  in  the  rate  of 
wages  to  what  bids  fair  to  be  a  permanent  average  of  about  $1.25.  The 
remainder  is  almost  wholly  due  to  the  advent  of  the  steel  rail.  Except 
that  the  joints  are  still  so  weak  and  imperfect  a  detail,  it  would  unques- 
tionably fall  very  much  more. 

This  decrease  is  destined  to  continue,  but  less  rapidly,  for  some  time 
in  the  future  ;  and  in  making  estimates  of  operating  expenses  for  the  next 
few  years — if  not  for  a  long  period  ahead — the  apparent  indications  of 
the  statistics  of  other  roads  must  be  accepted  with  much  caution.  All 
the  roads  now  laid  with  steel — with  hardly  an  exception — are,  instead  of 
reducing  track  expenses  to  the  lowest  limit  possible,  maintaining  for  the 
time  being  something  like  the  old  rate  of  expenditure  and  perfecting  the 
condition  of  their  road  by  adding  better  ballast,  dressing  up  the  road-bed 
and  right  of  way,  improving  their  yards  and  switches,  etc.,  etc.  This 
wise  procedure  is  in  reality  an  addition  to  the  capital  account,  but  for 
obvious  reasons  of  expediency  it  is  still  called  and  charged  to  mainte- 
nance of  way. 

118.  It  is  also  very  evident  that  the  larger  the  business  of  a  road,  i.e., 
the  more  prosperous  it  is,  the  more  likely  will  it  be  to  continue  this 
process  extensively.  For  example,  the  Pennsylvania  Railroad,  although 
laid  with  steel  and  ballasted  with  stone  throughout,  still  includes  a  very 
heavy  charge  per  mile  of  road  (although  not  per  train-mile)  in  its  annual 
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tenance  of  steel-rail  track,  once  reasonably  well  ballasted  and  in  good 
general  condition,  is  not  far  from  $300  per  mile  of  single-track  main  line 
per  year,  or  say  five  men  for  every  six  miles.  This  amount  is  only  to  a 
very  limited  extent  affected  by  the  volume  of  traffic  if  the  standard  of 
maintenance  is  not  increased.  It  does  not  now  appear  probable  that  it 
can  ever  be  materially  reduced  to  advantage,  since  it  is  necessary  to  have 
that  number  of  men  available  for  emergencies  for  prudential  reasons; 
and  work  can  and  will  be  easily  found  for  that  number,  after  the  track  has 
been  brought  in  the  course  of  years  to  a  condition  of  far  greater  excel- 
lence than  the  present  average,  by  continuing  the  present  rate  of  expen- 
diture, and  not  a  few  lines  of  the  first  rank  will,  by  aiming  at  absolute 
perfection,  permanently  incur  a  still  larger  expense. 

123t  About  $50  per  mile  of  the  above  total  will  ordinarily  go  for  track- 
walking,  which  is  about  all  the  expense  for  track  watchmen  that  will 
usually  be  incurred  on  roads  running  only  three  or  four  trains  per  day 
each  way.  For  a  traffic  beyond  that,  the  usual  expense  per  annum  is 
about  $5  per  mile  for  each  daily  train  round  trip  (or  say  three  fourths  of 
a  cent  per  train-mile),  up  to  a  total  of  about  $1 50  to  $200  per  mile,  beyond 
which  this  account  very  rarely  runs.  Snow  and  ice  is  another  source  of 
irregular  expense  for  "  maintenance  of  way."  It  amounts  to  about  I50 
per  mile  of  main  line,  single  track,  per  year,  and  about  $100  per  mile  of 
double-track  road  in  ordinarily  unfavorable  regions — running  much  high- 
er, of  course,  on  short  sections.  Long  shallow  cuttings  are  the  greatest 
sources  of  annoyances  and  expense  in  respect  to  snow  and  ice — ^a  consid- 
eration often  forgotten  in  fixing  gradients. 

124s  The  total  cost  of  maintenance  of  way  for  single-track  railways  of 
moderate  traffic  may  be  safely  estimated  as  follows,  for  those  items 
only,  which  are  practically  independent  of  volume  of  traffic  : 

Cross-ties $150  to  $225 

Do.  for  sides, 10  to  40 

Labor  on  track, 150  to  200 

Track- walking, 50  to  100 

Snow  and  ice o  to  50 

Ballast 50  to  loo 

Fences  and  miscellaneous,    .     .  25  to  50 


$435  to  $765 
To  which   must  be  added   for 
cattle-guards,   open   culverts, 
and  crossings,  about  25  to      5^ 

Total $460  to  $815 

Steel  rails,  sav 20  to     100 


Per  mile  of  main  track, 
not  including  mileage  of 
sidings.  Common  track 
labor  $1.25  per  day. 
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To  this  estimate  must  be  added  certain  allowances  for  maintenance  ot 
structures,  for  the  maintenance  of  large  yards  and  terminal  facilities,  and 
for  extraordinary  damages  and  repairs,  and  also  for  the  wear  of  steel,  and 
other  expenses,  according  to  traffic.  The  amount  of  necessary  expendi- 
ture which  can  with  any  propriety  be  assumed  to  vary  directly  with  the 
tonnage  will  be — 

Steel  rails,  i  ct.  per  train-mile,  or  $20  per  1,000,000  g^oss  tons 
(including  all  expenses  for  relay- 
ing, spike,  etc.,  connected  there- 
with). 

Track   labor,   etc.,  \\  cts.  p.  t.  m.,  25 

Track  watchmen,      J    "       "  '  5    "  " 


«<  M  M 

M 


Toul,    .    .     3    "       "        $60 


<«  M  «  « 


This  amount  will  vary  almost  exactly  with  the  number  of  trains,  inde- 
pendent of  their  weight  and  length.  As  will  be  seen  from  Table  41, 
the  present  rate  of  expenditure  for  rail  renewals,  in  all  parts  of  the 
United  States,  is  much  higher  than  the  above,  or  about  $200  per  mile, 
but  this  can  hardly  continue  to  be  permanently  the  case. 

125.  Yet  it  must  be  admitted  that  there  arc  some  strange  anomalies  in 
the  records  of  maintenance  of  way  expenses  which  seem  to  indicate  that 
such  expenditures  will  continue  to  bear  a  nearly  constant  ratio  to  the  train 
expenses  proper,  as  they  have  in  the  j>ast.  For  example,  if  Table  41  be 
examined,  it  will  be  seen  that  in  every  item  of  maintenance  of  way — even 
those  which  seem  most  nearly  independent  of  the  number  of  trains,  like 
ties,  bridges  and  buildings,  repairs  of  road-bed  and  track — it  is  the  cost 
per  mile  of  road  which  varies,  and  that  the  cost  per  train-mile  or  the 
percentage  of  the  total  remains  far  more  nearly  constant.  In  fact,  the 
cost  of  rails,  which  one  might  expect  to  be  almost  precisely  so  much/^r 
train-mile,  comes  much  the  nearest  of  all  to  being  uniform  per  mile  of 
road.  Beginning  with  the  section  of  heaviest  traffic, — the  Middle  States 
group,  which  includes  Ohio,  Indiana,  and  Michigan, — the  cost  of  rail  re- 
newals, in  cents  per  train-mile,  is 

3. 50,    4.08,    5.03.  6.08,  6.72,  3.66,  averaging  4.43 ; 

while  that  of  road  and  track  labor  is 

9.2,    ii.o,    ii.o,    8.7,  16.5,  8.3,    averaging  10.2. 

Individual  roads  may  be  compared  almost  at  random  with  similar  in- 
dications.   The  following  two  roads,  not  selected  in  any  way  except  as 
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representing  extremes  of  traffic,  may  serve  as  illustrations,  the  years 
given  being  fairly  representative  : 


R.  R. 

X883. 


Char., 
Col.  A  Aug.       At.  U.  S. 
x88a.  x88o. 


M 


6.1 


Trains  per  day  each  way  (main  line). ....  64.5 
Repairs  road-bed  and  track  (cts.  per  train- 
mile)  9.81  cts.    12.36  cts.    10.2  cts. 

Total  cost  of  train-mile 86.0     ••      87.5     "      91.0   •• 


Table  41. 
Maintenance  of  Way  Details. 

Deduced  from  U.  S.  Census  of  1880.    See  also  preceding  uUc 


Gboups  of  Static 


New  England 

Middle 

Southern . . . . . 
Northwestern 
Southwestern, 
Far  Western . 

Average  U.  S 


Trains 
eacli  Way 
Per  Day. 


7.4 

9-3 

4.3 

4.5 
3.0* 

3.22 


6.07 


Total  Cost 

Per 
Train -Mile. 


$1.05 
0.902 

0.715 
0.88 

0.608 

1. 21 


to. 91 


Cost  Rbpaim  Road-bso  and 
Tkaoc 


10.51 
10.13 
12.12 
12.45 

13.59 
13.63 


11.23 


CcnuPer 
Train-Mile 


II. O  cts. 
9.2  •• 
8.7  " 

II.O   " 

8.3  '• 
16.5  •• 


10.2  cts. 


Per  Mile 
of  Road. 


$574 
621 
273 
361 
480 
382 


$450 


*  Estimated.    Ttie  report  of  one  road  in  this  small  group  contaios  an  obrious  and  large 
error  which  vitiates  the  total. 


Itbms. 


Repairs  road-bed  and 
track,  p.  c 

Per  mile 

Tie  renewals,  p.  c. .  . 

Per  mile 

Bridges.  buildings, 
and  fences,  p.  c. . 

Per  mile 

Rail  renewals,  p.  c. . . 

Per  mile 

Total,  p.  c 

Per  mile 

Coot  per  train-mile. . . 


New 

Middle. 

South. 

N.  W. 

S.  W. 

Far 

Eng. 

West. 

10.51 

10.13 

12.12 

12.45 

13.59 

13.63 
$382 

•574 

$621 

$273 

$361 

$480 

2.64 

2.78 

4.30 

3.07 

4.21 

3.48 

•144 

$168 

$97 

$88 

$148 

$98 

6.64 

4.44 

5.80 

6.08 

3.45 
$121 

4-95 

♦366 

$268 

$131 

$176 

$139 

4.20 

3-47 

6.16 

5.03 

3.66 

6.81 

$220 

$236 

$210 

$166 

$213 

$158 

19.79 

17-35 

22.42 

21.60 

21. 9f. 

22.06 

$1,081 

$1,051 

$501 

$625 

$74'y 

$619 

$1.05 

$0,906 

$0,715 

$0.88 

$0,608 

$1.91 

Total 
U.S. 


11.93 

$450 

3.04 
$121 

9207 

4.40 

$196 

IQ.41 

$778 
$0.91 
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Table  42. 

Trunk-Linb   Maintenance  Expenses  in  Cents  per  Train-Mile  by 

Decades  for  34  Years. 


N.Y.C.&  H.R. 

1870.  ... 

1880 

1884 

Erie. 

i860. 

I870.  ..*•.. 

1880 

1884..... 
Pcnna.* 

i860 

1870 

1880 

1884 

Bait.  &  Ohio.f 

i860 

1870 

1880 

Phil.  &  Read. 

i860 

1870.   

looO. ..... 

1883 


Miles 
Run, 
Thou- 
sands. 

BxpBNSBS  Pbk  Train-Milb. 
Maintenance  of — 

Total 
Ex- 
penses 

Per 
Train- 
Mile. 

Pbrcbntag 

Way. 

En- 
gines. 

Gaim. 

Total 
Rolling 
Stock. 

Track. 

En- 
gines. 

cts. 

cts. 

cts. 

cts. 

Cts. 

4.493 
11.430 
16,654 

16.453 

19.8 
39.8 
18.9 
24.8 

9.0 
9.8 
5.8 
5.3 

8.9 

15-4 
14.4 
10.3 

17.9 

25.2 
20.2 
15.6 

95-2 
122.2 
107.5 
108.6 

20.8 
32.6 
17.6 
22.8 

9-5 
8.1 

5-4 
4.8 

3.475 
9.326 

11.452 

".305 

24.1 
39-6 
20.7 
18.2 

9.0 

14. 1 

51 

4.4 

II. 7 

12.0 

8.0 

8.9 

20.7 
26.1 

13. 1 
13.3 

94.6 
129.5 
108.5 
106.8 

25.5 

30.5 
19.0 
17.0 

9-5 
10.9 

4.7 
4.1 

3633 
10.185 

17.241 
21.491 

21.4 
30.1 

145 
15.8 

7.7 
9.1 

7.2 

7  0 

8.2 
II. 7 

10.5 
II. 4 

15.9 

20.8 

17.7 

18.4 

99-3 
no. 6 

81.8 

81.8 

21.5 
27.2 

17.7 
19.3 

7.8 
8  2 
8.8 
8.6 

3.831 

7941 
12.768 

15.9 
26.3 
18.3 

6.8 
6.9 

9-4 

8.7 

5.5 
20.6 

15  5 

12.4 

30.0 

51.8 
68.8 
82.0 

30.7 

38.3 
22.3 

13.1 
10. 1 

II. 5 

1.853 
5.100 

7.799 
".347 

II. 2 
22.6 
26.3 
19. 1 

8.6 
8.6 
7.8 
7.9 

8.9 

13.5 
12. 1 

14. 1 

17.5 
22.1 

19.9 

22.0 

78.6 
108.2 

"75 
117. 2 

16   5 
19.3 
22.4 
16.3 

10.9 
7.4 

6.7 
6.8 

Cart. 


9.4 
12.6 

13-4 
9.5 

12.4 
9.2 

7.4 
8.3 

8.3 
10.6 

12.9 
13.9 

16.7 
8.0 

25.1 

II. 3 
II. 9 
10.3 
12.0 


*  PenasylTania  Division  00I7. 


t  Main  stem  and  branches. 


In  Table  42  is  given  a  record  of  expenses  for  maintenance  of  way  on 
five  trunk  lines  for  the  past  34  years.  In  this  table,  it  will  be  noted,  an 
enormous  expansion  of  train-mileage  has  occurred,  ranging  from  four-  to 
seven-fold,  while  yet  the  cost  of  maintaining  track  has.  on  the  whole, 
decreased  less  rapidly  than  other  maintenance  expenses.  There  has 
been,  on  each  of  these  lines,  a  considerable  expansion  of  track-mileage 
as  well  as  train  mileage,  but  this  increase  has  been  of  branches  only,  nci 
of  main  line.  Therefore,  while  due  allowance  for  the  effect  of  this  greater 
9 
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trackage  would  reduce,  it  will  not  seriously  modify,  the  striking  contrast 
in  number  of  train-miles  per  year  shown  in  the  table,  in  spite  of  which 
maintenance  of  way  has  decreased,  by  comparison  with  other  items,  so 
little. 

In  the  following  table  (43)  the  experience  of  the  Pennsylvania  Railroad 
only  is  carried  back  ten  years  further— to  the  very  beginning  of  its  oper- 
ation, and  every  year's  experience  is  included,  the  years  being  averaged 
together  by  half-decades  to  eliminate  accidental  variations  and  shorten 
the  table.  In  this  table,  but  not  in  the  preceding,  fuel,  stores,  and  en- 
gine-wages are  included  with  repairs  of  engines  and  cars  in  the  single 
item  "  motive-power  and  cars :" 

Table  43a 

Operating  Statistics  of  the  Pennsylvania  Railroad  (Main  Line  and 
Branches)  averaged  by  Half  Decades  from  the  Beginning  op  its 
Operation. 


Vir  ADS 

Averaii^e  Miles 

Run. 

z  —  1000. 

Train  Load 

E.  only. 

Tons. 

Per  Cent  of  Total 
Expenditure. 

Per  Cent  of 
Maintenance 

AVBRAGSD. 

Motive-power 
and  Cars. 

Maintenance 
of  Way. 

of  Way  to 

Motive-power 

and  Can. 

1851-55... 
1856-60. . . 

1861-65... 

1866-70... 

1871-75... 
1876-80. . . 

1881-84... 

1,416 

2.934 

5.530 

8.766 

14.368 

16.182 

20,808 

IOI.6 

II0.6 

146.24 

158.88 

187.76 

251.32 

298.45 

42.3 
42.9 

48.1 
41.4 
38.2 
39-4 
41.7 

13.4 

23.7 
22.8 

27.2 

23.4 
18.4 

20.0 

31.7 

55.4 

47.5 
65.6 

61.3 

44.3 
48.0 

The  remarkable  showing  in  respect  to  the  growth  of  average  train-load  from  xoo  tons 
in  1851-5  to  300  tons  in  1881-4  is  worthy  of  special  note  in  this  table.  For  average  load  in 
both  directions  see  Table  ^. 

The  drop  in  the  last  two  half-decades  is  the  effect  of  the  introduction 
of  steel  rails  ;  but  both  in  the  iron  rail  and  steel-rail  eras  it  will  be  seen 
that  the  tendency  of  cost  of  maintenance  of  way  per  train-miie  is  to  in- 
crease faster  than  the  train  expenses  proper.  The  following  table  (44) 
brings  this  tendency  out  still  more  clearly : 
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Table  44. 

Comparative  Cost  of  Maintenance  of  Way  to  Repairs  of  Engines  ani: 
Cars  on  Each  of  the  Five  Lines  in  Table  42,  Cost  of  Repairs  of 
Engines  and  Cars  being  $1.00. 


N.  Y.  Cent. 

Erie. 

Penna. 

B.&O. 

P.&R. 

Average. 

i860 

1870 

1880. 

1884. 

I. II 
1.58 
0.945 
1.59 

1. 16 

1. 51 

1.58 

1.37 

1.33               1.025 
1.45               2.12     • 
0.82        ►      0.615 
0.86                  ... 

0.64 
1.02 

1.32 
0.87 

1.053 
1.536 
1.056 
1. 172 

Average. 

1.306 

1.405 

1. 115 

1. 915 

0.962 

1. 199 

The  contrast  in  the  proportionate  cost  of  maintenance  on  the  various  roads  is  in  part 
genuine,  but  in  part  no  doubt  results  from  considerable  difference  in  what  items  are  in- 
cluded in  **  maintenance  of  way**  or  of  cars  or  engines.  Less  pains  were  taken  in  thii 
respect  than  to  have  the  comparison  of  one  year  with  another  correct  for  each  road  sepa* 
rately. 

The  last  column  of  this  table  is  the  most  instructive.  With  the  ex- 
ception of  1870,  which  was  an  abnormal  year,  it  will  be  seen  that  the 
tendency  of  maintenance  of  way  to  increase  in  relative  importance,  in 
spite  of  an  immense  growth  of  traffic,  seems  marked  and  clear. 


Table  45. 

Growth  of  English  Train-Mileage  and  Coal  Consumption  of  Engines 

Per  Mile. 


Train-miles  (i  =  1000) \  JgP 

Increase  per  cent 

Engine-miles \  Jg|^ 

Increase  per  cent 

Coal  burned.  lbs.. per  train-  \  1873 

mile \  1883 

Increase  per  cent 

Coal  burned,  lbs.,  per  en- j  1873 

gine-mile \  1883 

Increase  per  cent 


Great 
Eastern. 


8,932 

13.679 
52.0 

10,819 

17.077 

57.8 

41.65 
45.96 
10.35 

34.39 
36.81 

7.05 


Great 
Western. 


19.717 

31.128 

58.0 

22,778 

36,465 
60.3 

41.73 
37.69 

—  9.8 

36.12 

32.17 
-  10.8 


London,  B. 
&  So.  Coast. 


5.300 

7.986 

50.8 

6,208 

9.630 

55.2 

43.33 
37.07 
16.9 

36.99 
30.74 
20.3 


Midland. 


19. 811 

33087 

67.1 


57.18 
49.00 

-14.3 


The  mileage  represented  above  is  5,221  miles,  or  only  a  trifle  less  than  one  third  of 
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x>iD  data  given  there,  in  connection  with  the  above,  it  appears 
erage  consumption  of  fuel  increases  considerably  less  rapidly 
>wer  of  the  engine,  as  might  be  expected. 


Table  46. 
WKn  Expenses  Per  Train- Mile  on  Various  English  Railways 


yWEB   EXPBKSBS  IN   DbTAIL. 


lirs — Ubor. . . . 
— materials 

Dgine  repairs, 
ioe  crew 

tt 

•pt,  etc 

general 

noli  vc- power.. 


16.74 


Great 

Great 

Midland 

Western 

Southern  and 

Great 

Railway, 
1869-76. 

Western, 

Western, 

X875. 

1875. 

cts. 

cts. 

cu. 

3.76 

2.82 

3.42 

2.46 

3.80 

2.78 

6.22 

6.64 

6.18 

4.66 

4.32 

3.84 

4-34 

6.61 

6.50 

0.42 

0.50 

0.32 

0.48 

0.66 

0.82 

0.12 

.... 

.... 

o.xo 

0.32 

'. . .  • 

0.40 

0.66 

0.20 

19.76 


17.90 


;  is  from  a  paper  in  the  Transactions  of  the  Institution  of  Civil  Engineers, 
to  whidi  the  writer  has  lost. 

reral  newly  inTented  types  of  compound  locomotive  engine,  haTing 
(fa-pressure  and  low-pressure  cylinders,  are  being  extensively  intro- 
irope  with,  it  is  said,  very  satisfactory  results.  If  we  may  judge 
las  already  taken  place  in  marine  engines,  it  is  probable  that  they 
lUy  come  into  general  use,  and  they  promise  a  considerable  reduc- 
consumption,  but  there  are  several  practical  disadvantages  with  the 
have  not  yet  been  fully  overcome — notably  a  difficulty  in  starting. 
of  evidence  seems  to  be  that  the  coal  consumption  is  reduced  at 
iboot  20  to  25  per  cent. 

nunption  of  fuel  on  English  railways  in  general,  however,  is  lower 
ts  in  the  United  States,  although  very  much  less  so  than  commonly 
It  was  reported  by  the  late  Howard  Fry,  in  a  paper  before  the 
basics*  Association,  at  from  26  to  35  lbs.  per  mile  run,  for  passenger 
1  from  35  to  45  lbs.  per  mile  run,  for  freight  service  ;  but  the  follow- 
s,  which  have  been  compiled  by  the  writer  from  later  and  more 
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•  iDcrcue  per  cent  in  Hvir.  dm  lo  dtcnue  of  driTCra.  The  ( 
engiine,  due  both  to  decreue  ot  driren  ind  lacreue  of  cTllnden, 

>«./  iDawe  in  power  of  tkt 

>cra«Q(«eKbt.    "    "^ 

The  high  aTcra^  ijieed  of  Englisb  liuna  and  Ihc  small  power  of  a 
eDgine"  compared  wilh  usual  Ameritao  practice  on  lina  of  iieavj  tnffic, 
The  teudencr  of  switch  ine-mi1ea£e  to  increase  compaiatiTClj  It  ihown  In  thn  U 
prevail  quite  as  strongly  in  England  as  here. 

The  above  figures  are  deduced  (ram  Tkt  Enginter  of  Jan.  33,  1885,  wbidi  P>peri 
enr,  makes  some  very  erroneous  deductions  as  to  wlui  tbc^  reall]>  ihow,  poinled  1 
tlu  Sailrtad  Gaittlt  of  SepL  11,  1885,  by  the  writer. 


Train  Expenses. 
Fuel. 

136.  The  cost  of  fuel  per  gross  ton  on  Americftn  railways  rangea  from 
a  minimum  of  $i.20  to  %i.y>  on  roads  obtaining  coal  at  mines  on  their 
own  road,  to  a  maximiitn  of  (400  to  t^.oo  at  the  least  favored  point! 
east  of  the  Missouri  River,  and  in  some  cases  to  (6.00  or  more  at  pcrinta 
west  of  there. 

The  consumption  of  fuel  is  as  an  average  about  45  to  50  lbs.  per  mik 
run  for  heavy  passenger  trains,  running  down  sometimes  as  low  as  25  or 
30  lbs.  per  mile  for  light  passeni^er  trains.  A  passenger  engine  running 
light,  without  any  train,  burns  nearly  as  much  as  this,  or  from  ao  to  ja 
lbs.  per  mile.  A  heavily  loade<i  freight  engine  of  the  "American"  dgliu 
wneel  type  will  burn  almost  7;  lbs.  per  mile,  a  heavj  "  M 
90  lbs,  per  mile,  and  a  "  Consolidation"  engine  from  100  to  : 
weights  and  power  of  these  and  ather  engines  will  be  foam 
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XL;  and  from  data  given  there,  in  connection  with  the  above,  it  appears 
that  the  average  consumption  of  fuel  increases  considerably  less  rapidly 
than  the  power  of  the  engine,  as  might  be  expected. 


Table  46. 
Monvi-PowiK  Expenses  Pbk  Train-Mile  on  Various  English  Railways 


Hmrra-tomui  Bxraini  m  Dbtaic 

Great 

iIjS. 

Midluid 

8 

fit 
3.80 

5 

•■     — in«eri»ls 

6.31 

4.66 
4-34 
o.4» 
0.48 

0.40 

6.64 

0.50 
0.66 

0.33 
0.66 

3.84 
6.50 

Ofice  and  general 

0.30 

16.74 

19,76 

17.90 

137i  Scvetal  newly  lovented  types  of  compound  locomoilve  engine,  haviog 
separate  bigh-preuure  and  low-pressure  cylinders,  are  being  exteasiTcly  jotro 
dnced  in  Europe  with,  it  is  said,  very  saiisfactory  results.  If  we  may  judg« 
from  wbal  has  already  taken  place  in  marine  engines,  it  is  probable  that  they 
will  eveninally  come  into  general  use,  and  they  promise  a  considerable  reduc- 
lioa  of  fuel  consumption,  but  there  are  several  practical  disadvantages  with  the 
type  which  have  not  yel  been  fully  overcome — notably  a  difficulty  in  starling. 
The  burden  of  evidence  seems  to  be  thai  the  coai  consumption  is  reduced  at 
IIm  rate  of  about  so  to  35  per  cent. 

Tbe  conanrnption  of  fuel  on  English  railways  in  general,  however,  is  lower 
ikMi  prcvBila  In  the  United  States,  although  very  much  less  so  than  commonly 
eported  by  the  late  Howard  Fry.  in  a  paper  before  the 
iStocistion,  at  from  36  to  3;  lbs.  per  mile  run,  for  passenger 
10  45  lbs.  per  mile  run,  for  freight  service  ;  but  the  follow- 
bave  been  compiled  by  the  writer  from  later  and  more 
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definite  statistics  (Tables  45,  47,*  48,  49),  show  that  the  actual  difiference  be- 
tween English  and  American  practice  is  less  extreme. 

It  is  unnecessary  to  enter  in  detail  into  the  causes  of  the  difference  in 
English  and  American  fuel  consumption.  The  fact  exists,  and  in  part  is  easily 
explainable,  by  a  difference  in  the  average  train-load;  in  part  also,  doubtless,  to 
better  road-bed  and  alignments,  use  of  copper  fire-boxes,  and,  more  especially, 
greater  skill  and  care  in  firing.  The  longer  average  trips  of  American  engines, 
other  things  being  equal,  should  reduce  the  average  fuel  consumption.  The 
most  important  single  cause  is  probably  that  fuel  economy  is  subordinated  in 
America  to  hauling  heavier  loads,  as  it  ought  to  be,  whereas  in  England  heavy 
freight  trains,  or  what  would  pass  for  such  in  America,  are  the  exception. 


Table  48. 
Passenger  Train  Coal  Consumption,  Pennsylvania  Railroad. 


Year. 

Cars  Per 
Train. 

Coal  Per  Mile. 

Per  Car. 

Total. 

1874 

1875 

1876 

1877 

1878   

1879 

1880 

1881 

1882 

1883 

1884 

5.5 

5.3 
5.6 

5.10 

5.13 
5.29 

5.27 
5.01 

5.14 

4  95 

5  02 

9.0 

8.5 

8.3 
8.72 

8.43 
8.40 

8.76 
10.78 

9.61 
10.84 
10.67 

49-5 
45.1 
46.5 
44.5 
43.3 

44.4 
46.2 

54.0 
49.4 

53.7 
53.6 

The  last  column  is  not  given  in  the  reports,  but  is  obtained  by  multipljring  together 
the  two  preceding  columns. 

The  increase  of  i8H  per  cent  in  the  coal  burned  per  car,  notable  in  this  table,  b  un- 
doubtedly the  price  paid  for  the  very  much  greater  average  weight  of  pa&sengM*  coaches, 
owing  to  the  increasing  proportion  of  parlor-  and  sleeping-car  mileage,  and  the  much 
greater  average  speed. 

The  Pennsylvania  has  been  selected  merely  because  its  statistics  are  most  convemently 
accessible.  It  is  in  no  respect  pre-eminent  either  in  increase  of  train-load  or  in  low  fud 
consumption.  The  movement  toward  increase  of  train-load  began  on  the  Lake  Shore 
&  Michigan  Southern,  for  example,  several  years  before  it  b^;an  on  the  Pemisyhrania. 
The  Philadelphia  &  Reading  runs  about  58  lbs.  per  passenger  train-mile. 


*  Table  47  was  misplaced  in  making  up  this  Part,  hence  was  omitted  from  the  volame 
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Table  49. 
Average  Freight-Train  Coal  Consumption,  Pennsylvania  Railroad. 


Coal  Burnbd  Pbk  Milk. 

No.  Cars. 

Train-load 
Tons  Fr'l 

Approx. 
Toial  W't 

Ykar. 

Per  Car. 

of  Train; 

Per  Ton 

Per  Oir- 

Per  Train- 

Tons. 

Freight. 

Mile. 

Mile. 

1874.. 

21. 1 

(6.5) 

327 

(.646) 

4.2 

88.5 

1875.. 

21-5 

(6.7) 

« •  •  • 

(.627) 

4.2 

90.2 

1876.. 

22.2 

(6.9) 

« •  •  * 

(.609) 
(.585) 

4-2 

93.1 

1877.. 

22.92 

(71) 

•  •  •  • 

4.15 

95.0 

1878.. 

25.06 

(7.3) 

t  •  •  • 

(.497) 

3.63 

91.0 

1879.. 

25.60 

7-55 

436 

.490 

3.70 

116. 7 

1880.. 

25.77 

8.18 

•  *  •  • 

.477 

3.90 

112. 0 

1881.. 

24.40 

8.68 

•  •  • « 

.492 

4.27 

109.3 

1882.. 

24.55 

9.01 

•  •  •  • 

.494 

4.45 

104.3 

1883.. 

23.97 

10.28 

•  •  •  • 

.454 

4.67 

100.5 

1884.. 

25.66 

10.58 

566 

.430 

4.55 

99.2 

1  he  tons  freight  per  car  was  obtained  by  dividing  the  coal  consumption  per  car  given 
hj  that  per  ton  ;  the  approximate  total  weight  by  assuming  the  average  car  to  have 
weighed  18,000  lbs.  (9.0  tons)  in  1874,  19,000  lbs.  (9.5  tons)  in  1879,  and  23,000  lbs.  (11.5 
tons)  in  1884 ;  the  coal  burned  per  train  by  multiplying  the  number  of  cars  by  the  coal 
per  car.     The  remaining  figures  are  direct  from  the  report. 

The  figures  in  parentheses  above  are  estimated,  not  being  given  in  nor  deducible  from 
the  reports ;  but  they  are  not  far  from  the  truth,  a  gradual  increase  of  average  car-load 
having,  as  is  well  known,  been  going  on  even  in  the  years  1874-9,  which  has  gone  on 
much  more  rapidly  since.  One  of  the  chief  reasons  why  the  average  car-load  has  been  so 
small,  on  all  the  American  east  and  west  trunk  lines,  has  been  the  enormous  dispropor- 
tion (more  than  3  to  i)  in  east-bound  to  west-bound  traffic.  The  increasing  coal  ship' 
ments  westward,  to  a  considerable  extent  in  cars  coming  east  with  grain,  has  in  recent 
years  helped  much  to  decrease  this  disproportion  on  some  roads  ;  so  that  the  increasing 
average  car-load  is  not  due  solely  to  increased  capacity  of  cars,  although  that  is  the  chie( 
cause. 

The  proportion  of  switching  is  very  heavy  on  English  railways,  the  ratio  of 
engine-miles  to  train-miles  being  almost  uniformly  as  high  as  125  to  100,  and 
in  some  cases,  as  high  as  177  to  100. 

On  German  railways  the  average  consumption  is  about  50  lbs.  per  revenue 
mile,  costing  about  six  cents. 

128.  The  cost  of  fuel  per  mile  run  can  be  calculated  from  the  above 
data  for  any  particular  line.  In  absolute  cost,  it  is  by  far  the  most 
variable  element  in  the  running  expenses  of  railways,  but  its  percentage 
to  the  other  expenses  is  considerably  less  variable,  owing  to  the  fact  that 
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the  same  causes  which  make  fuel  more  expensive,  also  increase  the  other 
expenses  to  a  considerable  extent.  The  total  average  cost  per  mile  for 
all  trains,  according  to  railway  reports  at  the  present  time,  varies  from 
5  cents  as  a  minimum  (on  the  Pennsylvania  Railroad),  to  about  10  cents 
in  Massachusetts  and  12  cents  on  the  Pacific  railways.  There  are  a  few 
roads  in  the  Rocky  Mountain  region  on  which  the  reported  cost  runs 
still  higher  than  this — up  to  as  much  as  20  cents;  and,  on  the  other  hand, 
there  are  a  few  specially  favored  roads  on  which  the  cost  runs  still  lower — 
down  to  4  or  even  3  cents :  but  these  latter  phenomena  are  mostly  due  to 
exaggerating  the  actual  train -mileage  with  fictitious  allowances. 


Table  SO. 
Effect  of  Length  of  Train  on  Coal  Consumption. 

[Comparative  Coal  Coosumption  with  Light  and  Heavy  Paaenger  Traina— Mlchiffan  Central 

Railroad.] 
Light  Tbains. 


No.  of 
Round 
Trips. 


3 

3 

2 

I 


At.  No. 

Cars 
Handled. 

Coal  Consumption, 

Per  Milk. 

Min. 

Max. 

Av. 

5 

5i 
6 

6i 

58. 

55.5 
62.1 

•  •  •  • 

67. 
65.5 

60.7 

•      •      •      • 

62.3 
61. 
61.4 
48. 

5.56 

58.5 

64.4 

60.0 

Av.  Temp. 


21.4 

19. 7* 
31.2* 
40.8* 


25.2 


Per  Cent 
Correction 
for  Temp. 


-4.3 

-5.15 

4-0.6 

+  5.4 


-2.4 


Corrected 
Lba.Coal 
Per  Mile. 


59.62 
57.86 
61.77 
50.60 


58.56 


Heavy  Trains. 


2 

7i 

74  6 

84.0 

79.3 

22.9* 

-3.55 

77.07 

I 

8 

•  •  •  • 

•  •  •  • 

78.6 

33. I* 

+  1.55 

79.82 

7 

8i 

71.8 

87.0 

79-4 

29.5' 

—  0.25 

70.20 
88.10 

2 

9 

81.6 

87.1 

85.4 

36.3' 

+  3.15 

3 

9i 

73.6 

79.3 

77-3 

44. a* 

+  7.10 

82.80 

I 

iii 

•  •  •  • 

■  •  •  • 

750 

27.0* 

—  1.50 

73.88 

• 

16 

8.78 

75.4 

84.4 

79.3 

32. 4** 

-I-1.20 

80.25 

Note. — The  averages  of  maximum  and  minimum  are  mere  arithmetical  avermw  of 
the  figfures  given.  In  the  last  column  the  total  coal  consumption  was  divided  by  tha 
total  mileage  to  get  the  average. 

All  these  trains  made  frequent  stops ;  30  in  115  miles,  or  about  one  every  four 
Speed  not  given  ;  probably  over  30  miles  per  hour  maximum  between  stationa. 
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The  correctiop  for  temperature  is  by  a  rule  deduced  by  the  writer  from  records  cover- 
ing: many  milUons  of  train-miles,  that  the  effect  of  differences  of  temperature  alone^ 
Umgtk  of  train  and  all  other  conditions  being  equals  is  to  increase  or  diminish  coal  con- 
sumption at  the  rate  o/ovY.  per  cent  for  each  two  degrees  Fahrenheit  (and  a  small  frac- 
tion moce)  difference  of  external  temperature:  a  rule  easily  remembered  and  one  which 
appears  to  apply  fairly  well  to  both  passenger  and  freight  service,  and  to  be  practically 
invariable  whenever  the  effect  of  all  other  causes  for  variation  can  be  eliminated. 

Since  the  effect  of  increasing  the  average  length  of  train  from  5.56  to  8.78  cars,  or  3.2a 

cars,  is  shown  above  to  increase  coal  consumption  from  58.56  to  80.35  lbs.  per  mile  run, 

^    ..  .  .  31. 60  lbs.       -.     ^  .. 

or  ai.69  lbs.,  or  at  the  rate  of =  6.736  lbs.  per  mile  per  car,  we  have, 

3*33  cars 

Lbs.  coal 
per  mile. 

For  the  long  train,  burning, 80.35 

Consumption  due  to  cars,  8.78  X  6.736  = 59*i4 

Leaving  as  due  to  the  engine  alone,  without  cars, 3x.ii 

For  the  short  train,  burning, 58.56 

Coal  consumption  due  to  cars,  5.56  X  6.736, 37*45 

Leaving  as  due  to  engine  alone,  without  cars,  as  above,      .    .    31.  ix 

This  result  agrees  closely  with  what  direct  experiment  has  shown  to  be  the  consump- 
tioQ  of  heavy  passenger  engines  running  light.  Mr.  Reuben  Wells  some  years  ago  made 
a  test  of  a  light  passenger  engine,  14  x  33  cylinders,  running  xo8  miles  with  six  stops  at 
23  niiks  per  hour,  and  losing  about  one  sixth  of  its  time  only  in  stops,  with  a  consump- 
tion of  only  i8^  lbs.  per  mile,  and  this  test  was  in  warm  weather.  Allowing  for  the  dif- 
ferences of  weather,  size,  and  number  of  stops,  the  correspondence  is  close,  and  other 
tests,  which  need  not  be  referred  to  in  detail,  have  shown  from  so  to  30  lbs.  Mr.  Wil- 
liam Stroudley,  Mechanical  Superintendent  of  the  London,  Brighton  &  South  Coast  Rail- 
way, alleges  in  a  paper  before  the  Institution  of  Civil  Engineers  (1885),  that  a  heavy  pas- 
senger engine  was  run  light  between  London  and  Dover  with  a  consumption  of  only  7  lbs. 
per  mile.  As  the  distance  is  only  a  little  over  50  miles,  however,  and  the  quantity  stated 
would  amount  to  only  a  few  inches  over  the  bottom  of  the  fire-box  of  30  square  feet,  or 
barely  as  much  as  the  same  record  shows  was  habitually  used  to  get  up  steam,  there  is 
probably  some  error  in  this  estimate. 

The  best  existing  direct  evidence  on  the  effect  of  length  of  train  on  coal  con- 
ittmptioo  is  given  in  Table  50.  There  is  considerable  difficulty  in  obtaining 
records  of  this  kind,  in  which  a  series  of  trains  of  widely  varying  lengths  are 
mn  with  all  other  conditions  approximately  identical.  The  correctness  of  the 
result  reached  in  Table  50  may  be  tested  by  grouping  the  various  single  records 
differently — a  test  which  should  never  be  omitted  in  computations  of  this  kind, 
rioce  it  will  often  be  found  that,  when  grouped  in  one  way,  the  records  will 
appear  to  lead  to  one  conclusion,  while  if  grouped  in  another  way  they  will 
indicate  something  quite  different. 

Tested  in  this  way.  the  correctness  of  the  preceding  conclusions  is  confirmed. 
II,  instead  of  aTeraging  the  single  tests  together  in  only  two  classes,  of  "  light'' 
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and  '*  heavy"  trains,  we  divide  the  25  tests  as  tabulated  above  into  four  equal 
groups  of  six  tests  each,  as  nearly  as  may  be,  and  see  how  well  the  rule  deter- 
mined beneath  the  table  (lbs.  coal  per  mile  =  21.1  +  6.^74  X  No.  of  cars)  checks 
with  the  actual  coal  consumption,  we  find  a  close  correspondence,  as  follows : 


No.  of 
Round  Trips 

Cars  per  Train. 

Pounds  Coal  Pbk  Mils. 

Averaged. 

Range. 

Averages. 

Actual.* 

Computed. 

Difference 

6 
6 

7 
6 

5  to     6 

6  to     8 
8     to     9 
%\  to   \\\ 

525 
6.92 
8.50 
9.67 

58.74 
68.02 

79.40 

83.08 

56.5 
67.7 

78.4 
86.3 

—  2.24 

—  0.32 

—  1.00 
+  3.22 

*  Actual  consumption  after  correcting  for  difference  of  temperature. 

The  correspondence  of  the  results  under  this  entirely  different  grouping  is 
surprisingly  close,  indicating  that  the  whole  series  of  tests  do  clearly  conform 
to  one  general  law,  but  also  indicating  that  the  addition  to  the  fuel  consump- 
tion is  not  precisely  uniform  per  car,  but  decreases  as  the  train  is  longer,  as  is 
but  natural. 

Having  determined  a  law  for  experiments  on  a  small  scale,  we  may  check  it 
by  records  on  a  large  scale,  which  latter  do  not  otherwise  afford  the  means  of 
determining  the  law.  The  Pennsylvania  Railroad,  alone  among  American  rail- 
ways, publishes  a  table  showing  the  coal  consumption  per  car-mile  and  pr 
train-mile,  and  the  number  of  cars  per  train  for  every  month  in  the  year.  A.* 
an  average  of  the  four  years  1881-84,  the  average  passenger  train  and  passenger 
car  coal  consumption  on  each  of  its  three  grand  divisions  was: 


Pennsylvania  RR.  Div 

U.  RR.  N.  J.  Div 

Phila.  &  Erie  Div 


Cars  Per 
Train. 


5.03 
4.70 
4.20 


Pounds  of  Coalt— 


Per  Car- 
Mile. 


10.47 
12.60 
12.10 


Per  Train- 
Mile. 


52.7 

59.2 
50.8 


Computing  what  ought  to  be  the  coal  consumption  per  mile  according  to  tha 
rule  of  Table  50,  and  comparing  it  with  what  is.  we  have  the  following: 


Computed  Coal  Consi-mition. 
Pounds  per  Train-Mile. 

ACTUAU 

Pounds 

per 
Train- 
Mile. 

Error  in  Formula. 
+  or-. 

Due  to 
Engine. 

Due  to 
Cars. 

Total. 

Pounds. 

Per  Cent 

Penna.  RR.  Div 

U.  RR    N.J    Div 

Phila.  &  Erie  Div 

21. 1 
21. 1 
21. 1 

33.9 
31.7 
28.3 

550 
52.8 
49.4 

52.7 
59-2 
50.8 

+  2.3 
—  6.4 

~  '4 

+  4.4 

—  10.8 

-  a.8 
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The  correspondence  here  is  close,  if  we*  remember  that  the  Pennsylvania 
Division,  while  making  fewer  stops  than  the  Michigan  Central  train,  whose 
record  was  used  in  table,  has  a  large  proportion  of  heavy  sleeping-cars,  while 
(he  New  Jersey  Division  not  only  has  a  large  proportion  of  parlor-  and  sleeping- 
cars  on  through  trains,  but  makes  an  enormous  number  of  stops  on  way  trains, 
both  into  New  Jersey  and  into  Philadelphia. 

129.  The  conclusion  is,  therefore,  not  unfair,  that  something  like  6| 
to  6}  lbs.  of  coal  per  mile  is  added  to  the  consumption  for  each  passenger 
car  of  20  tons  or  more  moved  at  way-train  speed,  and  for  each  sleeping- 
car  of  30  tons  or  more  moved  in  through  trains  making  few  stops,  and 
that  tbe  locomotive  alone  is  to  be  charged  with  rather  more  coal  than 
thp^  due  to  three  cars. 

This  leads  to  the  conclusion  that  dead  weight  to  the  amount  of  30  tons  added 
to  a  train  of,  say,  five  cars,  will  certainly  not  increase  coal  consumption  as  much 
as  to  add  another  car,  both  because  it  does  not  increase  air  resistance,  and  be- 
cause the  added  load  decreases  somewhat  the  rolling  resistance  per  ton.  If  we 
assume  it  to  add  5  lbs.  per  mile  to  the  coal  consumption,  we  are  certainly  not 
underestimating  it  proportionally.  Adding  6  tons  per  car,  therefore,  to  the 
average  weight  of  a  train  of  five  passenger  cars  means  no  more  than  an  in- 
crease from  55  to  60  lbs.  per  train-mile.  If  we  assume  this  5  lbs.  of  coal  to  be 
worth  one  cent  (at  the  rate  of  $4  per  ton  of  2000  lbs.  for  coal),  if  an  extra  pas- 
senger at  3  cents  per  mile  be  attracted  to  the  train  every  third  trip  he  will  pay 
for  the  loss  of  fuel  due  to  adding  6  tons  to  the  weight  of  every  passenger  car — 
which  goes  a  little  way  toward  explaining  the  tendency  to  increase  weight  for 
the  sake  of  luxury,  which  seems  so  reckless.  This  appears  to  neglect  the  effect 
of  the  extra  weight  on  grade  resistance,  and  so  in  a  sense  it  does,  as  well  as 
many  other  effects,  but  not  so  much  as  it  appears  to,  since  the  effect  of  gradients 
is  included  in  the  records  which  we  have  used. 

The  use  of  wood  for  fuel  is  rapidly  passing  out  of  date  in  all  parts  of  the 
United  States.  About  i^  cords  of  good  hard  wood  (a  cord  being  4X4X8  feet, 
or  128  cubic  feet,  and  weighing  from  3200  to  3600  lbs.  when  well  seasoned)  is  usu- 
ally taken  as  equal  to  one  long  ton  of  coal.  Inferior  woods  will  average  from 
two  down  to  even  three  cords  of  wood  equal  to  one  ton  of  good  coal,  but  some 
of  the  poorer  Western  coals  will  evaporate  only  half  or  two  thirds  as  much  as 
good  bituminous  or  anthracite. 

REPAIRS  OF  ENGINES. 

130.  The  fall  in  the  cost  of  this  item,  of  late  years,  has  been  very  rapid, 
but  it  is  probably  now  at  about  its  minimum,  unless  and  until  some  new 
process  of  manufacturing  steel  and  iron  shall  materially  reduce  the  cost 
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of  the  raw  material,  especially  in  shapes.  For  this  purpose  solid  steel 
castings  in  lieu  of  forgings  seem  to  be  already  on  the  verge  of  coming 
into  general  use. 

The  table  (51)  on  pp.  140  and  141  shows  the  cost  of  engine  repairs  per 
engine-mile  on  the  Pennsylvania  Railroad  for  a  long  series  of  years,  and 
sufficiently  illustrates  the  general  tendency  of  the  cost  of  this  item;  the 
table  showing  however,  it  must  be  remembered,  nothing  more  than  the 
cost  of  labor  and  materials  directly  applied  to  repairs  and  renewals  proper, 
without  including  any  allowances  or  charges  for  repairs,  and  renewals  of 
tools,  shops,  machinery,  and  other  items,  for  which  see  Table  57  and 
others.  The  figures  given  are  in  all  cases  for  what  is  now  known  as  the 
Pennsylvania  Railroad  Division,  excluding  the  later  acquisitions  of  the 
Philadelphia  &  Erie  Railroad,  and  United  Railroads  of  New  Jersey. 

131.  From  the  above  table  it  appears  that  the  cost  per  mile  on  the 
Pennsylvania  Railroad,  at  the  present  time,  is  from  5  to  6  cents  for  engine 
repairs  proper,  and  this  may  be  considered  the  minimum  under  the  most 
favorable  circumstances,  on  roads  having  a  heavy  traffic  and  convenient 
to  the  great  iron  and  coal  centres.  Many  roads — perhaps  most  roads- 
show  a  lower  average  than  this ;  but  such  a  result,  when  it  continues  for 
more  than  two  or  three  years,  is  very  apt  to  be  one  of  the  before  men- 
tioned miracles  of  bookkeeping,  based  npon  running  an  unusually  large 
mileage  in  the  general  office. 

132.  The  Massachusetts  roads  average  about  54  cents — a  surprisingly 
low  average  for  that  region  of  the  country,  but  doubtless  very  nearly 
correct.  It  may  be  explained  largely  by  the  greater  proportion  of  pas- 
senger trains  (more  than  one  half  the  whole,  as  against  about  one  fourth 
in  the  remainder  of  the  country),  and  also  by  the  fact  that  a  very  exces- 
sive proportion  of  the  freight  traffic,  as  compared  with  the  rest  of  the 
country,  is  mere  way  business  with  light  loads.  A  densely  settled  region 
will  of  necessity  reduce  the  average  train-load  heavily  in  this  way. 

133.  Under  unfavorable  conditions,  the  estimate  of  engine  repairs  must 
he  considerably  increased  from  these  figures,  but  by  how  much,  as  a 
maximum,  is  extremely  difficult  to  determine.  The  Union  Pacific  Rail- 
road reports  repairs  of  engines  at  about  7  to  8  cents  per  train-mile,  which 
is  among  the  highest  reported  costs  at  the  present  time ;  and  yet,  except 
for  the  one  disadvantage  of  locality,  it  is  under  exceptionally  favorable 
conditions  for  a  low  cost  in  this  item,  its  engmes  not  being  heavy  and 
its  grades  very  light,  its  divisions  very  long,  and  its  traffic — quite  light  for 
a  trunk  line— almost  entirely  long  haul,  and  moved  at  a  slow  speed. 
From  5  to  8  cents  may  be  considered  as  about  the  present  average,  for 
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■II  classes  of  engines,  on  roads  with  sufficient  traffic  to  have  proper  facili- 
ties tor  economy  in  shop  work.  Wagesdo  not  vary  widely  in  any  pun  of 
the  United  States,  and  no  causes  exist  for  very  wide  fluctuations  in  this 


Table  97. 
Cost  of  Locomotive  Refaiss  i: 


TMt  alffvc  tahl*  rtfrtsenti  the  lury  ImBtst  tett  at  vihich  lecemetivti  can  it  eperaltd 

Firtt,  Because  (he  eneioes  were  entirely  new  al  Ihe  beginning  of  the  rerord,  and 
ahboagh  the  record  tnrers  (omelhing  orer  haH  Ihe  average  mileage-life  of  a  locomotive 
(which  may  be  taken  u  Goo.ooo  lo  8cx>,cxxi  miles),  yet  the  latter  half  of  its  mileage-life 
{indudiEig  cost  of  renewal)  would  average  tbree  lo  four  limes  as  high  as  Ihe  first  half ; 

StesHdly,  and  equally  important,  Because  of  the  very  heavy  mileage  duty,  which  a  at 
least  three  times  the  average  of  American  pas»nger  engines,  and  four  to  sii  limes  (he 
average  of  European  engines.  This  heavily  reduces  the  expenses  arisiog  from  frequent 
le  engine.    Cempare  Ikt /ollewing  Table  5.). 
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of  the  raw  material,  especially  in  shapes.  For  this  purpose  solid  steel 
castings  in  lieu  of  forgings  seem  to  be  already  on  the  verge  of  coming 
into  general  use. 

The  table  (51)  on  pp.  140  and  141  shows  the  cost  of  engine  repairs  per 
engine-mile  on  the  Pennsylvania  Railroad  for  a  long  series  of  years,  and 
sufficiently  illustrates  the  general  tendency  of  the  cost  of  this  item;  the 
table  showing  however,  it  must  be  remembered,  nothing  more  than  the 
cost  of  labor  and  materials  directly  applied  to  repairs  and  renewals  proper, 
without  including  any  allowances  or  charges  for  repairs,  and  renewals  of 
tools,  shops,  machinery,  and  other  items,  for  which  see  Table  57  and 
others.  The  figures  given  are  in  all  cases  for  what  is  now  known  as  the 
Pennsylvania  Railroad  Division,  excluding  the  later  acquisitions  of  the 
Philadelphia  &  Erie  Railroad,  and  United  Railroads  of  New  Jersey. 

131.  From  the  above  table  it  appears  that  the  cost  per  mile  on  the 
Pennsylvania  Railroad,  at  the  present  time,  is  from  5  to  6  cents  for  engine 
repairs  proper,  and  this  may  be  considered  the  minimum  under  the  most 
favorable  circumstances,  on  roads  having  a  heavy  traffic  and  convenient 
to  the  great  iron  and  coal  centres.  Many  roads — perhaps  most  roads — 
show  a  lower  average  than  this ;  but  such  a  result,  when  it  continues  for 
more  than  two  or  three  years,  is  very  apt  to  be  one  of  the  before  men* 
tioned  miracles  of  bookkeeping,  based  upon  running  an  unusually  laige 
mileage  in  the  general  office. 

132.  The  Massachusetts  roads  average  about  5I  cents — a  surprising!/ 
low  average  for  that  region  of  the  country,  but  doubtless  very  nearly 
correct.  It  may  be  explained  largely  by  the  greater  proportion  of  pas- 
senger trains  (more  than  one  half  the  whole,  as  against  about  one  fourth 
in  the  remainder  of  the  country),  and  also  by  the  fact  that  a  very  exces- 
sive proportion  of  the  freight  traffic,  as  compared  with  the  rest  of  the 
country,  is  mere  way  business  with  light  loads.  A  densely  settled  region 
will  of  necessity  reduce  the  average  train-load  heavily  in  this  way. 

133.  Under  unfavorable  conditions,  the  estimate  of  engine  repairs  must 
bf^  considerably  increased  from  these  figures,  but  by  how  much,  as  a 
maximum,  is  extremely  difficult  to  determine.  The  Union  Pacific  Rail- 
road reports  repairs  of  engines  at  about  7  to  8  cents  per  train-mile,  which 
is  among  the  highest  reported  costs  at  the  present  time ;  and  yet,  except 
for  the  one  disadvantage  of  locality,  it  is  under  exceptionally  favorable 
conditions  for  a  low  cost  in  this  item,  its  engines  not  being  heavy  and 
its  grades  very  light,  its  divisions  very  long,  and  its  traffic — quite  light  for 
a  trunk  line— almost  entirely  long  haul,  and  moved  at  a  slow  speed. 
From  5  to  8  cents  may  be  considered  as  about  the  present  average,  for 
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Kil  classes  of  engines,  on  roads  with  sufficient  traffic  to  have  proper  facili- 
ties lor  economy  in  shop  work.  Wagesdo  not  vary  widely  in  anypitrtof 
the  United  States,  and  no  causes  exist  for  very  wide  fluctuations  in  this 


Table  93. 
V  LocouoTivB  Rbfaibs  in  Detail. 


ib.     .     !     !     ! 

(3,131 
.     e.936 

ni 

orolherirlK,    .        . 

ij.ji 

DniyUanii  Riilroad  Iro 
.bl.  sO.      .       .       . 

■J-9< 

Avcrafc  BiloiKt  pet  cnRiM  tn 


ibc  bcginnlns  of  lU  hiilory  (> 
Tilr  atevt  laU*  rifmtnli  tkt  vtrj  Uranst  cost  at  ahitk  lecemelivtt  can  tt  opcrattd 

First,  Bcoiue  the  CDgines  were  eDtireljr  new  al  (he  beginning  oF  the  record,  and 
although  the  record  corera  sonKlbing  over  half  (he  average  mileage-lire  ol  a  locomotive 
(whkh  axj  be  taken  ai  600,000  to  800,000  miles),  yet  the  latter  hall  of  its  mileage-life 
^Dduding  cost  of  renewal)  would  average  three  to  four  limes  as  high  as  the  Arsl  half  \ 

Standly,  and  eqaatlj  important,  Because  of  the  veiy  heavy  mileage  duty,  which  ii  at 
IcaH  three  timea  the  average  of  Amnican  paasenger  eoginei,  and  four  to  sii  timei  the 
avnage  of  European  engines.  This  heavily  reduces  the  expenses  arising  from  frequent 
COOling-off  of  the  eogiiie.     Ctmparr  Iht/ollms-iHg  Tabli  53. 
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Table  53. 

Ensink  Rk?aiss  Pek  Mile  Run,  in  Detail,  1S6B-1S73. 

Indudbg  balk  Rtfiairi  and  Ktnrwali.    Ct.  5a.  &  W.  Rf.  of  Iiclaod  (1866-75). 


Ttnder  ripairi  were  given  aa\y  ia  >esi^[stc,  and  distributed  at  0*»Aj  u  micht  be  to 
tbe  levenJ  item*  In  came  ratio  u  above  table. 

Thia  wine  table  li  gma  in  the  tallowing  Table  55,  rauTaneed  m  at  to  five  rapaln 
and  renewals  leparateljr. 

134.  Repairs  of  course  vary  materially  mth  the  class  of  engine,  and  it 
would  be  quite  impossible  to  give  exact  statistical  evidence  on  this  point 
which  could  be  regarded  as  satisfactory.  It  may  be  estimated,  however, 
with  a  very  considerable  degree  of  certainty,  as  follows: 

About  one  eighth  of  the  cost  of  engine  repairs  is  for  repairs  of  tender, 
which  is  of  course  substantially  the  same  for  any  class  of  engine.  The 
remaining  cost  is  almost  equally  divided  between  material  and  labor,  as 
will  appear  from  Tables  S2~53~SS^5^-  "^^^  est  °^  ^^^  labor  is  but  very 
slightly  affected  by  the  weight  of  the  engine  and  its  various  parts,  al- 
though it  is  so  affected  to  some  extent.  The  cost  of  material  will  be 
nearly  in  accordance  with  the  weight,  but  not  fully  so,  many  of  the  more 
expensive  parts  being  substantially  the  same  on  all  engines.  If,  therefore, 
we  say  that  half  the  total  cost  of  engine  repairs  (including  the  tender) 
varies  with  the  weight,  and  half  is  independent  thereof,  it  will  probably 
be  very  nearly  exact,  for  engines  engE^ed  in  the  same  service,  and 
equally  well  adapted  mechanically  for  that  service.  There  is  no  evi- 
dence whatever  that  the  heavier  class  of  engines  suffer  materially  in  wear 
snd  tear  from  their  difference  in  proportion  and  design. 
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Table  54. 

Details  as  to  Cost  of  Locomotivb  Repairs. 
Cost  Per  Train-Mile  of  Labor  and  MateriaL 


Bngush  Railways, 
ATenige,  186S-75. 


Lofidoo  ft  Northwettem 

Midland  

Great  Northern 

Great  Western 

Lancashire  ft  Yorkshire 

Gt.  Southern  ft  W.  of  Ireland.. 

Average 

PaiNCH. 

Paris  ft  Orleans,  1875 

Paris,  Lyons  ft  Med.,  1865-^4. . . 


PaussiAN  Railways,  1874. 

Sute  Rallwavs 

Slate  Control  Railways; . . . . . 
Private  Railways , 


Increase 
percent 
in  No.  of 
Engines. 


39.9 

49.9 

47. a 
15.0 


36.4 


Labor. 


cts. 

9.65 
3.19 
3.86 

3  OS 
3.08 


3«3 


1.70 
9.00 


Labor. 


R'd  H'se. 


0.58 
0.80 


Ambkican  Railways. 


•• 

*« 

M 

»« 

»4 

t* 

«» 

*4 

M 

•  4 

Phila.  ft  R'g  (1860-75),  repairs  only 

(1872-80),       "        •'    

(186Q-75),  renewals  only. .  . . 
(1876-80),  **  (approx.) 
total  rep* rs  and  renMs  r69-7s) 

('76-80) 


(general. 


x.io 
1. 16 
X.03 


3.90 

0.81 
0.60 

4.7« 
9.98 


Mate. 

rial. 


ctt. 
3.10 
3.10 
3  a9 
3.58 

3.89 


3.91 


9.39 
9.83 


1.70 
1.98 
0.97 


9 
I, 

X. 

o. 

4- 

9. 


94 
93 

93 

90 
16 

83 


Total. 


cts. 
6.14 

5-75 
6.4« 
6.44 

6.39 
6.90 


6.34 


4.09 
4.83 


3.38 

9.80 


6.84 

4.3« 
9.03 

8.'i7 
6.8x 


Percent 

of 
Labor. 


% 

49.6 
46.0 

48.7 
60.  X 

47.6 
44.6 


49-3 


4«-4 
4X.6 


50.0 
55-5 

654 


(40. 

(53  •; 
(58.4) 


At.  Total 
Cost  Re- 
pairs for 
sxpreced* 
ing  yrs., 
X849-69. 


6.90 

7.J3 
587 
6.73 

5  36 


6.40 


For  farther  notes  as  to  ratio  of  cost  of  labor  to  material,  see  Index. 

None  of  these  figures  include  shop  and  general  charges^  maintenance  of  machinery, 
clerks,  draughtsmen,  policing  shops,  etc.,  which  run  about  50  per  cent  or  over  of  labor 
account  on  nearly  all  railways. 

These  statistics  are  supposed  to  be  all  per  train-mile.  The  ratio  of  engine-miles  to 
train-miles  on  English  railways  is  about  as  X95  to  xoo— sometimes  even  177  to  xoo.  The 
same  holds  substantially  true  of  American  railways,  reported  statistics  being  generally 
computed  per  engime-isuAit.  A  deduction  of  15  to  ao  per  cent  from  the  total  cost  of  engine 
repairs  per  train-mik  will  give  the  cost  excluding  switching-engines,  which  cost  much  less 
per  mile  for  repairs  than  others,  on  most  roads. 

ID 


146    CHAP.    V— OPERATING  EXPENSES— PEP[RS  ENGINES, 


Table  95. 

Engine  Repairs  and  Renewals  in  Detail— Gt.  So.  &  W.  Railway  of 

Ireland  (1866-75). 

Cents  Per  Train-Mile. 


Itbms. 

Labok. 

Matbrials. 

Grand 
Total. 

Per- 

Re- 

newals. 

Re- 
pairs. 

Total. 

Re. 

newals. 

Re. 

I>air8. 

Total. 

ceot- 
aget. 

fioiler 

cts. 
•«34 

.1X9 

.1x8 

.•58 
.059 
.030 

cts. 

(.30a) 

(.04) 

(.30) 

(.75) 
(.10) 

(.10) 

cts. 

•436 

.X59 

.418 

x.008 
.X59 
.X30 

cts. 
.656 

.099 

•574 
.X90 

•X54 
.058 

cu. 
.990 

.'059 
.518 

•5<H 
.1x8 
.060 

Ctt. 

.946 

•M4 
X.099 

.694 
.979 
.1x8 

1.389 

.99^ 

1.5x0 

1.709 

.494 
.348 

9X.9 

Smoke-box,  etc 

Wheels,  frame,  etc 

Machinenr 

4.5 
93.9 

96.x 

Mountings 

6  5 

Painting 

3-8 

Total  Enirine 

.704 

x.59a 

9.396 

X.794 

1.54a 

3.966 

5.569 

85.3 

Tenders 

.098 

.986 

.384 

9.680 

.993 

.980 

.579 

.956 

14.7 

Total 

.809 

1.878 

9.0x6 

X.839 

3.838 

6.5x8 

xoo.o 

Percentages 

X2.9 

98.8 

41.0 

3X.0 

98.0 

59.0 

xoo.o 

-  •  •  • 

Credits  for  old  material  (amounting,  on  repairs,  to  .964  cent ;  on  renewals,  to  .  199 
cent — total,  .456  cent)  are  to  be  deducted  from  this  table  for  net  cost,  probably  about 
in  the  proportion  of  two  thirds  for  old  brass  in  boiler  and  one  third  for  other  parts. 

Proportion  0/ renewals  to  repairs  about  normal,  for  general  practice. 

The  labor  on  repairs  is  an  approximate  distribution  where  given  in  bradcets,  otherwise 
the  distribution  is  exact. 

Round-house  repairs  constitute  over  thirty  per  cent  of  the  labor  on  repairs  proper,  or 
.616  cent  per  mile. 


Under  these  assumptions  we  are  led  to  the  conclusion  that  engines  of 
the  Consolidation  type  will  cost  about  25  per  cent  more  per  mile  run  than 
the  eight-wheel  "  American"  engines,  or  say  6i  cents  under  the  most 
favorable  circumstances  for  repairs  and  renewals  proper.  Heavy  Mogul 
or  ten-wheel  engines,  similarly,  will  cost  about  one  tenth  to  one  eighth 
more.  This  estimate  is  entirely  consistent  with  the  as  yet  fragmentary 
and  imperfect  records  of  experience,  but  the  latter  do  not  exist  in  suflii- 
cient  abundance  to  say  that  in  themselves  alone  they  prove  anything. 

See  foot  of  page  148. 
Note  to  Table  57. — The  American  statistics  (and  not  the  English)  show  the 
per  revenue  train-mile  of  ail  engines,  including  switching. 
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Table  56. 
Engikb  Rbpairs  and  Renewals,  Paris  &  Orleans  Railway  of  Francs 

(1865-75). 


Labor. 

Matbrials. 

Total. 

Grand 

Re- 

newals. 

Re 

pairs. 

Re- 
newals. 

Re- 
pairs. 

Re- 

newals. 

Re- 
pairs. 

Toul. 

Enfrines 

.130 
.040 

.842 
.370 

.342 
.106 

1.238 
.540 

.472 
.146 

2.080 
.910 

2.552 

Tenders 

1.056 

Total  repairs  proper 

.170 

1. 212 

.448 

1.778 

.618 

2.990 

3.608 

Tools  and  machinery 

Clerks  and  general 

.074 
.248 

.094 

.  •  • 

.168 
.248 

.168 
.248 

Total  all  repair  expenses. . 

1.704 

2.320 

4.024 

4.024 

The  proportion  of  renewals  to  repairs  in  this  table,  and  in  less  degree  the  cost  of  re 
pairs  only,  is  stated  to  be  unduly  low,  as  appears  certain  from  the  figures. 

Table  57. 

Total  Cost,  by  Items,  of  Motive- Power. 

Cents  Per  Train-Mile. 


American. 

Av.  of 

U.S. 

Census. 

1880. 

English. 

Penna. 
R.R. 

1879-83. 

L  S.& 
M.S.Ry 

1873-81. 

Mass. 
RRs. 

1878-81. 

Gt.  W.  Ry 

1869-76. 

Gl  So. 
AW. 

1875. 

Midi. 

Gt.  W. 

1875. 

Engine  Wagts 

5  450 

5  787 

7.0 

4.66 

43« 

384 

i'uel....    ^oo^i 

4-705 
.223 

[8.85 

10.94 

8.4 

4^34 

6.61 

6.50 

Repairt  proper 

Maine.      Mt.  shops  

L0€*.        '*   tools  and  mach^y 

5.910 

.613 

•435 
1.7:5 

•»33 

5.015 

5.03 

5.6 

j  I^b.  3 .  76 

1  Mat  3.46 

0.33 

\         0.40 

3.82 
3.80 
0.32 

0.66 

2.78 

Clean V  and  polic'g 
.Watchmen 

•35 

0.90 

roil 

Tallow 

.355 
.359 
.133 
.053 
•358 

•  .33 

•  .10 

- 1. II 

■I.O 

* 

0.48 

0.66 

Steres. .  -'  Waste 

0.82 

Other  stores  

[Loc.  fixtures 

Water    (Expenses 

Supply   \  Maintenance 

.603 
.368 

.6 

\..\ 

0.42 

0.50 

0.32 

( Taxes 

.315 

.098 
.415 

(?«•  7.  ..-<  Stationery 

1  Incidentals  

Tetal  Motive-^0wer 

31.938 

32.6 

16.74 

IQ.76             IT.OO 

*V-  /w 

t  -  w 
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Table  08. 
Cost  of  Motive  Power  and  Cars  on  Twenty  Engush  Railways. 


ao  Largest 
Corpontions. 

4Largest 
Corpontioot. 

Mast. 

t87S-«i. 

No.  of  locomotives 

1 1. 005 
33.203 

335.158 
17.064 

6. 118 

14,902 

171.431 
16.520 

No.  of  carriafires 

No.  of  wasrons 

A.V.  mileage  per  year  per  engine 

Cost  of  working 

**      ensrine  repairs 

12.46  cts. 

6.17  " 

12.94  cts. 
6.90  " 

Total  motive-Dower 

18.63  Cts* 

19.84  cu. 

' 

Cost  of  carriage  reoairs 

2.58  cts. 

3.88  •* 

2.28  cts. 

3.98 " 

*•      wason         "       

Total  cost  Iocs,  and  cars 

25.09  cts. 

26. 10  cts. 

Cost  Dcr  en&rine. .  )               ( 

$1,086 

133 
23.41 

$1,148 
160 

20.80 

•1.IO8 

55.40 

•*         can iajje  >     ^        < 

"    wagon..)  >■"=''' )::.:::..: 

English  carriages  and  wagons  may  be  considered,  without  important  error,  to  haiv 
half  the  weight,  capacity,  and  cost  of  American  rolling-stock.    See  Indei. 


In  answer  to  inquiry  as  to  experience  and  practice  with  Consolidation  en- 
gines on  the  Pennsylvania  Railroad,  the  writer  was  informed  as  follows  bjr 
Mr.  T.  N.  Ely.  Supt.  of  Motive-Power: 

**  I.  Consolidation  locomotives  are  not  much  harder  on  cunres  than  other 
locomotives,  we  think. 

*'  2.  The  comparative  cost  of  repairs  per  hundred  miles  between  a  Class  I 
locomotive  (Consolidation  type)  and  a  Class  D  (ten*wheel)  locomotive  is  aboot 
as  foUows: 

"Class  1 4.87 

'*  Class  D, 4.50 

Difference, 0.37 

or  nearly  eight  per  cent  against  the  Class  I." 

This  percentage  of  difference,  although  founded  on  much  experience,  mait, 
it  would  seem,  somewhat  underrate  the  normal  difference. 


Passenger  engines,  as  a  general  rule,  cost  about  twenty  per  cent  k 
/or  repairs  than  freight  engines,  or  about  four  cents  per  mile  under  the 
most  favorable  conditions. 


CHAP,    v.— OPERATING  EXPENSES— MOTIVE-POWER.     I49 


Table  99-60. 
Minor  Details  as  to  Locomotive  Repairs. 


Dttmii  Uemt,  Gt.  S. 
*  W.  Ry.,  Ireland. 
(Condeoaed  in  Ta- 
ble 55) 

1 

CiNTS  PsM  Train-Mils. 

Detail  itemt^  Gt.  S. 
&  W.  Ky.,  Ireland. 
(Condensed  in  pre- 
ceding table.) 

Cents  Pbk  Train-Mii.b. 

1 
Rep*rs. 

Ren*U. 

Toul. 

Rep*rs. 

RenMs. 

Total. 

Copper  plates 

stays 

.05a 
.020 
.063 

.ia8 
.oa8 

.16a 

•034 
.aoo 

•  .a6o 

.ai4 

.416 

Meuntingtt 

.118 

•»54 

.a7a 

tubes  

Fire-bara  and  brick 

Clothings  painting, 
ttc  

.060 

.058 

.1x8 

arch 

Boiler  sandries. 

Total  Engine 

x.54a 

1  724 

3.a66 

.a90 

.656 

.946 

Total  B0iUr 

Tender. 

.a8o 

.292 

.579 

.05a 

.09a 

•>44 

Sm0At-S0jr  amd/iai- 
fwrm ..../ 

Engine  and  tender.. 

x.Saa 

1.870 

3.838 

WbecU 

Axles 

Tires 

Sprinn 

Sundries 

•  •  ft          •  • 

.198 
.138 
.068 

.164 
.ia8 
.128 
.063 
.09a 

.164 

.a4a 

.3a6 
.aoo 
.z6o 

Less  credits 

'  .364 

.19a 

.456 

Labitr  acct.^  as  distributed  in  detail  to  gen- 
eral items  in  Table  55: 

•5«8 

.574 

1.09a 

Total  RunniniGr 

Labor,  rM-h*se  rep'r. 
»'      shop         ^» 
"      tender      •* 

.616 
.976 
.a86 

•704 
.098 

Cylinders 

.078 
.05a 
.010 
.034 
.04a 

.034 
.054 
.080 
.070 

.058 
•.13a 

.loa 
•590 

a. 996 

Aslc-bozes 

Axle-brasses 

.384 

Big-end  brasses 

Pistons,  etc    

Glands  and  bushes. . 

Slide-TslTe  castinfl^s, 

brass 

Toul  Labor  ..... 

1.878 

.80a 

a. 680 

Bccentric  liners 

White  metal 

Machinery  sundries. 

Proportion  of  round-house  repairs,  Phila. 
A  Erie  R.R.,  about  the  same,  Tiz..*  36  per  cent 

Total  Machintr^.. 

.504 

.190 

•694 

of  labor. 

See  also 

Table  13 

6. 

Table  61. 
Cost  of  Maintenance  of  Tires  in  Detail.  Gt.  S.  &  W.  Ry. 

Cents  Per  Train-Mile. 


Engimbs. 

Tenders. 

Datb. 

Pass. 

Freight. 

All. 

Toul. 

1860-64... 
1865-69... 
1870-74... 

.33 
.44 
.22 

.57 
.46 

.44 

.42 

.45 
.30 

.24 

.15 
.23 

.66 
.60 

.53 

ATcrage . . 

.33 

.49 

.39 

.21 

.60 

Mileage  of  Tires,  4'  6"' 

Iron,  53.300 

Steel,  105,700 


6' 6" 
114,500 
196,600 


1 50     CHAP.    V.—OPERATmC  EXPENSES-MOTIVE-POWES. 


t 

'I 

i  i  ^  s  " 

K 

s 

8 

\ 

.pjSd  d 

^ 

^ 

i 

r 

1 

.11:;::? 

^ 

;? 

s 

1 

i 

.311  ?:-« 

! 

?- 

! 

1 

it 

.i^tss-- 

? 

S 

g 

« 

1 

.KisSS" 

! 

1 

5 

i 

m 

m 

- 

' 

S   : 

J 

; 

s 

I  ill 

#11 

- 

"    : 

?  2 

s 

U3 

s 

h^l 

*  S    : 

?^   ■: 

= 

s 

11 

.1"    : 

^    i 

5 

1 

K 

^.> 

M 

«"  S  " 

mi 

»*  R  -  *  s    : 

s 

E- 

i 

t 

% 

."-"—""  ; 

* 

■* 

1 

1 

i 

1 

.s  : 
g  1 

OS    b 

1 
s. 

i 
1 

i 

1 

'a 

3  I 


1^' 


5    £ 


■3  1 


CHAP.   V.~OPEKATWG  EXPENSES— MOTIVE-POWER.     ISI 

'•        I'll 

i  Is.    IsjI 

i  . — ■ .    ihsS 


\  Sir?? 


, '■=    as  a?! 


if  sI?b3 


152     CHAP,  v.— OPERATING  EXPENSES^MOTIVE-POWSK. 


Table  64. 
Cost  op  a  Pinksvlvamia  Railroad  "Class  I"  (Consolidation)  ENCin 


H>lefl>l. 

Ubot. 

TottL 

Boiler 

93S 
J,456 

47 

''Z 

Tot.  engine  <iod  lender. 

t6.0I3 

»3.9M 

»9  98o 

Pbila.  &  Reading.  iBBi,  BVerage  of  iS  engines.. 

♦>0,37« 

Ratio  of  Cost  < 


H  Om.T  (u  Ruinr*u% 


Chicago.  B.  A  Q.  RR.,  C: 


New  York  CCDI.  A  H.  R.  RR. .. 

Pbibdelpbia  2  Reading 

T.  of  U.  S.,  r,p*ir,nlr 

GLSi>.*W.o(lRUnd 

**    IT.  icpain  and  roc 
Pirh  *  OH.,  "       "      »         < 
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t3S>  The  apparent  coat  of  repairs  has  been  kept  down  on  all  our  rail- 
ways for  the  time  being  by  the  constant  additions  of  new  stock,  thus 
greatly  reducing  the  percentage  of  renewals  and  heavy  repairs.  Table  5 1 
will  show  to  what  a  very  important  effect  this  cause  must  have  contrib- 
uted  to  reduce  the  apparent  average,  especially  during  the  rapid  growth 
of  traffic  of  the  last  ten  years. 

136.  The  distribution  of  the  cost  of  repairs  to  the  various  parts  of  the 
locomotive  concerns  us  quite  as  much  as  its  total  amount.  Information 
on  this  head  is  somewhat  difficult  to  procure,  as,  so  far  as  the  writer 
knows,  no  American  railways  publish  such  statistics  in  ii  complete  form, 
and  few  take  much  trouble  to  collect  the  information.  Tables  53  to  67, 
however,  give  the  cost  of  new  ■'  American"  engines  in  detail,  and  also 
very  full  statistics  of  the  cost  of  engine  repairs  and  renewals  on  English 
railways,  which  latter  are  undoubtedly  substantially  accurate,  and  (with 
proper  allowances)  of  general  application  to  all  milways. 

137.  From  these  data  we  may  conclude  that,  with  no  very  great  fluc- 
tuations, the  total  cost  chargeable  to  repairs  of  engines,  including  renew- 
als, may  be  distributed  about  as  follows: 

The  boiler  and  its  attachments  require  about zo  per  cent 

The  running  gear  and  frame  (of  which  the  frame  consumes 

very  little,  say  2  per  cent). 20  per  cent 

The  machinery  proper, 30 

The  mountings,  fittings,  and  painting, 12 

The  smoke-box  and  attachments, 5 

ToUl  o(  engine 8?  per  cent 

The  running  gear  of  tender, 9 

Tank  and  body  of  tender, 4 

Total, 100  per  cent 

138.  Maintenance  of  shops,  tools  and  machinery,  and  other  miscella- 
neous motive-power  expenses  do  not  usually  appear,  as  before  stated,  in 
Statements  of  the  cost  of  repairs  or  of  running  engi  nes,  although  they  con- 
stitute a  Intimate  addition  thereto.  On  the  Pennsylvania  (Table  J7) 
these  items,  including  stationery,  incidentals,  and  watchmen,  but  not  in- 
doding  the  item  of  "  laborers,"— the  latter  doubtless  largely  for  cleaning 
engiDCS,— unouot  to  twenty-6ve  per  cent  of  the  cost  of  engine  repairs  or 

kin-mile, and  the  item  of  "laborers"  to  as  much  more. 
•  usoal,  or  perhaps  it  would  be  more  proper  to  say 
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that  it  is  based  upon  a  closer  apportionment  than  is  usual,  numy  lines 
having  items  of  a  general  character  for  laborers,  clerks,  etc,  to  which  all 
such  arc  charged  for  the  whole  road,  without  separately  apportioning 
them  to  motive-power  and  other  departments. 

139.  Maintenance  of  toob,  shops,  machinery,  and  other  miacellaDeous 
and  indirect  motive-power  expenses,  average  as  nearly  as  may  be  i  to  i) 
cents  per  train-mile  on  the  larger  and  more  important  roads,  ranpng 
considerably  higher  on  smaller  roads,  if  ali  the  expenses  are  apportioned 
with  equal  care. 

This  is  an  expense  which  is  affected  but  slightly  by  very  con^derable 
variations  in  engine-mileage,  and  hence  ought  to  be  kept  separate  from 
engine  repairs  proper,  but  rarely  is.  It  is  an  important  element  in  the 
total  cost  of  motive-power. 

HO.  Oil,  waste,  and  small  engine  supplies  cost  on  an  average  about 
one  cent  per  mile,  but  often  run  as  low  as  half  a  cent,  or  even  less,  on  the 

Table  66. 


ITEKB. 

{F«  UDOunts  Ke  TiUo  6i. 

C..B.ftQ.RR. 

PlMNA.  RR.,"C" 

St'dPue.^. 

'TiF^"-- 

Ub'r 

M.fl 

TolJ 

Ub'r 

MMl 

Tot«I 

Ub'r 

Mitl 

TotJ 

Boiler      dbraoj. 

9.8 

0.9 

.o^I 

14.0 

eg 

•0.6 
0.6 

iS.o 

■e.o 

i».9 

(n.ol 
(...0) 
(4.0 
It..) 
(S.o) 

1..0) 

■8.8 
14.6 
6.i 

O.J 

.g.S 

Filling.™]  pump. (»b.«c 

...i 

To«l™i 

j".= 

JJ.S 

87.8 

.8.= 

SS.O 

81.0 

(».•) 

St. 8 

T««l«             

5.J 

S.7 

... 

4.6 

IJ.O 

U.6) 

8.4 

no 

Totll  nigiDC  vA  Undo. .... 

JJ.S 

&4.S 

loe.o 

JJ.6 

«.. 

WO.o 

39.8 

Od.i 

toa.* 

Reported  c»t  Ubm  and  nutb. 

IS.80J 

,      *ISU 

■Mfa 
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Table  «7. 
PuiCKNTAcis  OF  Cost  of  Various  Parts  for  Various  Foreign  Locoho- 

TIVRS. 

(For  Aawrican,  kc  prcctding  ubie.   Ste  alio  Tabic  131.) 
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larger  roads»  especially  where  there  is  an  independent  account  kept  with 
each  engine. 

141.  Water-supply  costs  about  half  a  cent  per  train-mile  as  an  average, 
sometimes  running  below  that  on  roads  of  very  heavy  traffic  but  oftener 
running  nearer  to  one  cent  per  mile.  On  all  but  roads  of  very  consider- 
able traffic  one  cent  is  the  safer  estimate.  The  quantity  used  is  very  con- 
siderable. About  six  or  six  and  a  half  pounds  of  water,  as  an  average,  is 
evaporated  per  pound  of  coal,  and  a  freight  engine  burning  a  hundred 
pounds  of  coal  per  mile  will  use  some  eighty  gallons  of  water,  or  require 
the  refilling  of  a  2400-gaIlon  tank  within  thirty  miles  at  the  utmost,  as  an 
average.  Practically,  the  consumption  of  water,  as  of  coal,  is  irregular, 
and  a  full  tank  may  in  cases  be  used  up  within  fifteen  miles;  requiring, 
for  practical  convenience,  tanks  every  ten  miles,  which  is  the  average  on 
roads  of  thin  or  average  traffic.  On  lines  of  heavy  traffic,  tanks  are 
placed  at  average  intervals  of  hardly  more  than  five  or  six  miles.  Table 
57  gives  considerable  data  as  to  these  minor  items. 

142.  Switching  engines  constitute  an  enormous  proportion  of  the  total 
number  in  service  on  most  roads,  the  average  of  the  whole  State  of  New 
York  being  twenty-eight  per  cent  of  the  whole  number  in  service,  or 
nearly  forty  switching  engines  for  every  hundred  in  through  service  earn- 
ing money.  Tlieir  "mileage"  is  fixed  by  an  allowance  (usually  six  miles 
per  hour,  but  sometimes  eight),  so  as  to  bring  their  expenses  per  "mile** 
in  some  reasonable  or  desired  ratio  to  that  of  through  engines.  The 
great  expense  of  this  service  does  not  tend  to  decrease,  but  rather  to  in- 
crease, with  growth  of  traffic,  and  is  with  reason  felt  to  be  largely  due  to 
removable,  and  hence  discreditable,  defects  of  administration.  The 
burden  is  somewhat  relieved  at  the  larger  terminals  by  fixed  terminal 
charges  allotted  out  of  the  through  rates  before  dividing  it  (at  New  York 
four  to  five  cents  per  hundred  pounds  out  of  through  rates  of  twenty  to 
thirty  cents,  or  even  less).  It  is  a  charge  but  little  affected  by  any  of  the 
details  of  alignment,  so  that  we  need  not  discuss  it  in  detail,  but  in  cer* 
tain  computations  it  is  an  element  which  needs  to  be  remembered — nota- 
bly in  computations  of  the  value  of  reducing  grades  on  old  roads,  whereby 
this  portion  of  the  motive-power  expenses  is  not  seriously  reduced. 

The  diagram  given  in  Fig.  4  illustrates  very  fairly  the  past  tendency  ol 
locomotive  expenses.  Alone  of  all  the  items,  wages,  it  will  be  seen,  havt 
remained  practically  uniform.  There  was  a  slight  tendency  to  decrease  during 
the  hard  times  of  1877-79.  hut  they  recovered  later,  and  remain  at  the  end  sub- 
stantially what  they  were  in  the  beginning. 

The  cost  of  fuel  declined  sharply  after  1872,  but  since  1876  has  been  nearij 
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aniform.  Two  possible  causes  for  this  are  indicated  on  the  diagram,  both  of 
which  probably  had  their  effect.  One  was  the  increase  in  miles  operated,  which 
probably  gave  better  access  to  coal  mines,  but  another  and  probably  very 
important  contributing  cause  was  the  increase  in  miles  run  per  engine  per  year, 
which  likewise  began  simultaneously,  and  ceased  to  advance  sharply  after  the 
cost  of  fuel  ceased  to  decrease. 

The  course  of  cost  of  repairs  is  very  instructive.  It  will  be  seen  that  the 
decrease  has  been  enormous,  and  it  is,  doubtless,  in  great  part  due  to  natural 
and  permanent  causes,  such  as  the  decrease  in  cost  of  materials  and  better  shop 
facilities.  But  it  needs  but  a  brief  glance  at  the  line  showing  '*  Number  of 
engines  on  road,"  in  connection  with  the  cost  of  repairs,  to  detect  another 
explanation,  of  vast  importance  in  its  effect  on  operating  expenses,  which  is 
too  little  remembered  in  studying  maintenance  charges,  viz..  the  enormous  and 
continuous  infusion  of  *' new  blood"  into  the  locomotive  stock,  giving  at  all 
times  a  very  large  number  of  new  locomotives  in  the  stock  in  addition  to  the 
proportion  naturally  required  to  replace  old  engines  worn  out.  As  new  engines 
cost  comparatively  little  for  repairs,  it  is  inevitable  that  this  abnormal  propor 
tion  of  new  engines  should  greatly  affect  the  average  cost  of  repairs,  and  it  is 
very  clear  that  it  did  so.  The  very  small  expense  for  repairs  in  1875-9  ^^^  "^^ 
wholly  due  to  economies  enforced  by  hard  times,  although  no  doubt  largely  so, 
but  in  great  part  to  the  fact  that  there  was  a  greater  proportion  of  new  engines 
in  service  than  at  any  time  before  or  since.  Afterwards  the  inevitable  increase 
came  about,  in  spite  of  heavy  falls  in  the  cost  of  much  of  the  material  used,  due 
to  improved  processes  of  manufacture  and  cheaper  transportation,  and  should 
the  continual  additions  of  new  stock  cease,  it  is  very  certain  that  the  increase 
must  go  still  further.  It  is  to  be  remembered  also  that  these  nominal  "  repairs" 
do  not  include  many  incidentals  for  maintenance  of  shops,  etc.,  which  are 
really  a  part  of  the  cost  of  repairs,  but  not  ordinarily  included  in  it  A  chief 
reason  for  the  heavy  decline  since  1866  is  undoubtedly  the  continued  improve- 
ment in  the  character  of  the  road  bed  and  in  the  quality  of  the  workmanship  and 
material  used. 

The  increase  in  the  average  miles  run  per  engine  shows  an  unusually  favor- 
able record,  and  one  not  likely  to  be  much  further  improved  on,  since  an  atferagi 
of  nearly  a  hundred  miles  per  day  for  every  day  in  the  year  and  for  all  engines 
nearly  reaches  the  possible  limit.  It  implies  that  single  engines  have  more 
than  doubled  this.  The  decrease  in  miles  run  and  simultaneous  increase  in  cm: 
of  repairs  per  mile  run  in  i88a  can  hardly  be  an  entirely  accidental  coinci- 
dence. 

Table  68  shows  the  average  miles  run  per  year  and  the  aTerage  cost  per 
year  of  "locomotive  power" (repairs,  stores,  wages,  and  fuel)  on  ten  repre- 
sentative English  and  American  lines.  The  latter  by  no  means  represent  tht 
best  American  practice,  as  will  be  evident  from  Fig.  4,  but  are  those  lines  (for 
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the  mtwt  pMt)  which  are  opented  under  (h«  most  fairly  comparable  conditions 
with  the  Englisb  lines.  Could  the  ton-mites  and  passenger-miles  per  year  per 
engine  be  compared,  the  conlrasi  in  work  done  per  engine  would  be  astounding 
(over  three  to  one),  but  the  English  railway  statistics,  alone  of  those  of  civilized 
ctninlries,  do  not  give  these  facts.  In  [<an  the  difference  in  work  done  Is 
explicable  by  difference  of  conditions,  but  by  no  means  wholly  so. 

Table  69  gives  the  work  done  per  year  per  engine  and  the  number  o( 
engines  in  all  countries,  from  which  it  appears  that,  far  as  American  practic* 
is  abead  of  English,  the  latter  surpasses  thai  of  all  other  countries. 

Table  «a. 

AmiUAL  AVEEAOI  EUPENDITURB  PSR  LoCOHOTtVK  POR  LOCOHOnVB  POWKK 

ON  Tbn  Leading  Linbs  in  the  United  Kingdom  and  in  the  United 
States,  with  the  Aveeace  Ahniial  Nuubek  of  Tkain-Miles  Rum  Peb 
Engine. 
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Table  69. 

Total  Number  op  Locomotives  in  Different  Countries.  Number  of 
Train  Miles  which  they  have  accomplished,  and  the  Average  Miles 
Per  Day  and  Per  Year  Per  Locomotive. 

[Abstracted  from  **  Railway  Problems.'*  by  J.  S.  Jeans.  Secretary  British  Iron  and  Sted 

ciation.  with  some  modirications.] 


COUNTRIBS. 

Number 

of 
Locomo- 
tives. 

Train- 
Miles. 
X  _  1,000. 

Average 
Miles 
Per  Loco- 
motive 
Per  Annum. 

Miles 
Per  Loco- 
motive 
Per  Day. 

United  States 

United  Kingdom.. 

Germany 

Austria 

23,823 
14.827 
11.330 

3.671 
1,790 
8.088 
1.630 

34 
III 

519 
211 

5.844 

98 

595 

1,730 

538.011 
272.803 

134.489 

47. 144 
23,870 

135.860 

24.642 

433 

1.557 

11.435 
2,207 

61.040 

22.583 

18.395 
11,870 

12.842 

13.335 
16.798 

15.I18 

12.735 
14.027 

22,033 

10,460 

lO.^OQ 

-62 
50 
33 
35 
37 
46 

41 
35 
38 
60 
29 
29 

33 
35 
54 

Belirium 

France 

Italy 

Luxembourg 

Norway 

Netherlands 

Roumania 

Russia 

Finland 

1,177    1        T2  010 

Switzerland 

India 

• .  *  /  / 

7.674 

33.919 

12,897 
19.606 

The  above  statistics  are  for  1883  for  the  United  States  and  Great  Britain,  and  for  z88is 
for  the  other  countries.  Some  American  roads  (see  Fig.  4)  run  up  to  an  average  for  bugs 
numbers  of  engines  of  100  miles  per  day. 

143.  Repairs  of  Cars  can  be  estimated  with  most  correctness  per 
car-mile,  and  not  per  train-mile.  They  may  be  roughly  placed,  wjth  a 
very  fair  degree  of  correctness,  at  \  cent  per  freight  car-mile  and  i^ 
cents  per  passenger  car-mile,  on  the  larger  roads.  On  small  roads  \  cent 
per  car-mile  for  freight-car  repairs  is  more  nearly  correct.  Figures  indi- 
cating much  less  than  this  require  allowances.  This,  however,  as  in  the 
case  of  engine  repairs,  includes  only  labor  and  material  directly  applied 
to  the  cars  themselves,  and  there  is  a  considerable  amount  of  incidental 
expenditure,  which  is  really  a  part  of  the  actual  cost  of  maintaining  the 
cars,  but  which  is  yet.  for  very  proper  reasons,  already  stated,  not  gen* 
erally  included  in  the  reported  cost  of  car  repairs. 

Such  general  and  incidental  expenses  amount  to  from  10  to  25  per 
cent  of  the  total  cost  of  car  repairs  proper. 


^-   A    i.- 
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Table  70. 

Atcragk  Cost  of  Car  Repairs  on  Western  &  Atlantic  Railroad  for 

Different  Kinds  of  Cars. 

Cost  Per  Car  Per  Year, 


Paaaeoger. 

Local  Box. 

Stock. 

Coal  and 
Flat. 

Line. 

Running  gear 

Interior  fittings 

Miscellanys  material.. 

$64.80 

23.45 
41.75 

$6.78 
12.10 

$7.46 
8.50 

$6.76 
6.50 

$19.09 
13-49 

ToUl  material 

Labor 

$130.00 
hi. 50 

$t8.88 
II. 12 

$15.96 
9-35 

$13.26 
4.48 

$32.58 
10  62 

Total 

$241.50 

$30.00 

$25.31 

$17.74 

$43 . 20 

Miles  per  car 

No.  of  cars  in  use.. .. 

36,480 
138 

7.780 
194 

5.601 
40 

5,420 
489 

10.043 
648 

Cost  Per  Car  Mile, 


Running  gear 

Interior  fittings 

Miscellan's  material  . 

cts. 

.178 
.064 
.114 

cts. 

.087 

.155 

cts. 

.133 
.152 

cts. 

.125 

.120 

cts. 
.191 

.135 

Total  material 

Labor  ..■..■•«••*-*- 

.356 

.306 

.243 
.143 

.285 
.167 

•245 

.083 

.326 
.106 

Total 

.662 

.386 

.452 

.328 

.432 

The  above  includes,  whether  by  chance  or  otherwise,  no  charges  whatever  for  seats  oi 
upholstery  of  passenger  cars.  Otherwise  it  includes  all  work  done  in  the  car  department 
for  maintenance  of  cars,  both  repairs  and  renewals.  The  cost  per  passenger  car  is  very 
low. 

Tables  70.  71.  72,  73  were  computed  from  data  given  in  a  very  careful  paper 
on  car  mileage  and  repairs  by  E.  C.  Spalding,  Car  Accountant  W.  &  A.  R.  R.. 
and  aflford  about  the  most  trustworthy  data  on  the  details  of  car  repairs  which  is 
extant.  Such  information  is  very  difficult  to  obtain,  and  even  this  affords  no 
means  of  distributing  expenses  to  different  parts  of  the  car  body.  Making  a 
proper  allowance  for  labor,  it  will  be  seen  that  son.ewhat  over  40  per  cent  of 
car  repairs  arises  from  running-gear  maintenance,  and  nearly  75  per  cent  froip 
truck  repairs.  By  far  the  larger  part  of  the  remainder  is  for  draw-gear  re 
pairs.     Other  repairs  of  body  are  a  very  small  expense. 

These  sutistics  give  the  true  average  cost  of  car  repairs  for  a  stock  which 
II 
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is  being  neither  increased  nor  decreased.  They  are  almost  the  only  records  of 
the  kind  which  have  been  published. 

One  very  notable  fact  in  Table  70  is  that,  contrary  to  what  might  be 
expected,  the  cars  which  make  the  largest  mileage  per  year  cost  the  most  per 
mile  for  maintenance.  The  chief  reason  for  this  is,  probably,  that  they  are 
maintained  up  to  a  higher  standard;  but  as  the  cars  in  local  service  are  (i)  sub- 
jected to  more  banging  and  more  frequent  use  of  brakes,  and  (2)  make  a  smaller 
mileage  per  year,  so  that  the  rotting  and  other  effects  of  time,  and  age  are 
divided  up  among  a  smaller  number  of  miles,  we  should  expect  to  see  a  some- 
what higher  cost  per  mile  run  for  such  cars.  On  the  contrary,  it  is  smaller,  both 
for  running  gear  only  and  for  the  aggregate  of  all  items. 

Table  74  gives  the  cost  of  car  repairs  on  the  Lake  Shore  &  Michigan  Southern 
Railway  for  repairs  proper  and  renewals  separately.  In  former  years  the  cost 
of  Lake  Shore  car  repairs  was  much  higher  than  that  shown  ;  $50  per  year  is 
perhaps  a  fair  permanent  average  at  present  prices.  The  reason  why  no  dis- 
tinction is  even  attempted  between  renewals  and  repairs  in  either  locomotive  or 
car  maintenance  is  clear  from  the  note  to  the  table. 


Table  71. 

Cost  of  Freight-Car   Repairs  Per  Mile  Run  by  Items  fok  Caks  or 
Various  Ages— Western  &  Atlantic  Railroad. 


Box  Cars. 

Coal  Caks. 

Items. 

Av'pe 

air 

Cars. 

1  to  5 
years. 

6  to  10 
years. 

XX  to  16 
years. 

Cars. 

x  to  5 
years. 

6  to  xo  * 
years. 

It  to  16 
years. 

Axles 

.035 

.XOI 

.073 

.033 
.081 
.053 

.043 

.113 

.077 

.05X 

"3' 
.1x0 

.03X 

•073 
.063 

.0x6 
.049 

.OJ9 

•<H5 
.099 

.09X 

.034 

.083 
.071 

Brasses  

Wheels 

Runninc  srear 

.309 

"55 

.331 

.384 

.167 

•090 

•a35 

.188 

Cast-iron  

.030 
.054 
.053 

.09I 
.022 
.009. 

•»35 
.019 

oao 
.036 
.017 

.033 
.0x7 
.003 

•075 
.007 

.030 
.066 

.073 

.030 
.033 
.016 

.»54 
.018 

.050 
.074 
.090 

.039 

•033 
.Oil 

.937 
.0x3 

.033 
.070 
.065 
.oxx 
.0x6 

•  •  •  • 

.X4I 
.004 

.oax 
.098 
.007 
.oxx 
.0x6 

•  •  •  • 

.046 
.009 

.03X 
.100 
.1x6 
.006 
.0x8 

•  •  •  • 

.aao 
.COS 

r^M^ 

Wrouorht-iron 

•<H3 
.086 

.081 

.014 
.016 

•  •  •  • 

.tyo 

Lumber 

SDrinsrs 

Bolts 

Paint 

Labor 

Nails,  chains,  and  metal- 
lic sundries.  

.544 

•351 

.630 
8,904 

.804 

.506 

.93X 

•73« 

.fc4 

Av.  miles  run  per  year. . 

9.238 

11,767 

6,996 

4»970 

5.54« 

4»33fi 
$31.67 

5*09t 

At.  total  cost  per  year. . 

I50.33 

$39-82 

$56- 10 

$56.36 

$35.94 

$X3.35 

$30^7* 
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Table  72o 
Cost  of  New  Box  Car  in  Detail,  1883. 

[Dedoced  from  data  given  in  a  paper  by  B.  C.  Spalding,  Car  Accountant,  Western  ft  Atlantic 

Railroad.] 


Matbkial. 

Labor. 

Total. 

Per  Cent. 

Lumber 3*987  ft. 

Wrottght-tron. . .  704  lbs. 

Cast-iron 606  *' 

Nails,  etc 

$79-74 
35«> 
X8.18 

5.31 

4.«4 

X3.6o 

3.a8 

-  ao  days  carpenter. 

4 

$45.00 

$»83.33 

4.14 

16.60 

6.38 

3«.i 

Draw-springs 46  lbs. 

Tin  roof 

Painting 

0.8 

4  days  tinner 

i\i  days  painter 

4.00 
3.00 

3-3 

I.S 

Total  body 

$»58.35 
31.3 

$53.00 
10.3 

$210.35 
4>.4 

4«.4 

P.  c  of  total  cost 

Truck. 


Wheels 4,300  lbs. 

1*  $160.00 

14.08 
16.56 

9.74 

50.00 

39.18 

•79 

$160.00 

14.08 
X6.56 

«04.57 
1.39 

3»-S 

8.8 

Axles 1,400   ** 

Brasses ^4   ** 

Springs 184   " 

Lumber.* 487  ft. 

Wrottght-iron .  1,000  lbs. 

Cast-iron i,^   ** 

Fainting 

3-3. 
ao.7 

•3 

•Carpenter 

Painter 

$5.65 
.50 

Total  truck 

$390.35 

$6.X5 

$396.50 

58.6 

Total  car 

$448.70 
88.5 

$58.15 
11.5 

$50685 
100.00 

ICX)  0 

Percent 

The  weight  of  metal  in  a  standard  New  York  Central  40,000-lb.  box-car  is  given 


f oUows : 

Wrought-iron  in  car  body 3,553    lbs. 

Cast-iron  in  **         797 

Steel  in  **         Z04 

Malleable  iron  in      *«         13^** 

Wr't-iron  in  trucks,  includ'g  axles,  3,144     ** 


ti 


t* 


Cast-iron  in  trucks,  includ*g wheels,  5,366  lbs. 

Malleable  iron  in  trucks 48  ** 

Journal-bearings 80  ** 

Wheels.each 535  ** 

Axles  (M.  C.  B.  Standard) 347** 


The  TOTAL  COST  PER  TRAIN-MILE  of  passcnger-car  repairs  and  freight- 
car  repairs  is  very  nearly  the  same  in  the  aggregate,  as  may  be  seen  from 
Tables  75-80,  although  the  proj)ortion  of  the  constituent  elements  differs 
considerably.     (See  par.  150.) 
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Table  73. 

Average  Cost  in  Detail  of  Keeping  in  Repair  Trucks  and  Bodies 

Separately  of  Box  Cars. 

Age  of  cars  three  years.     Built  at  cost  of  $515.00  each.     (Compare  Table  87.) 


Trucks. 
Original  Cost,  $315. 

Body. 
Original  Cost,  $aoo. 

Items. 

Cost  Per 
Year. 

Per  Cent 
of  Towl. 

Itbms. 

Cost  Per 
Year. 

Per  Cent 
of  Total. 

Axles 

$3  04 

xa.44 

6.06 

6.3 
35.8 
xa.6 

Labor 

$5  45 

1.33 
X.40 

I.XX 

1.70 

i.a6 
s.19 

ix.s 

8.6 

Brasses  

Cast-iron  ....  

Wrought-iroQ 

Bolts 

Wh«els 

••9 

$21. 54 

44-7 

8.3 
3-5 

Running  gear 

Lumber...  

Springs 

Chains,    nails,   nuts, 
paint,  screws,  sol- 
der, tin 

SDrinn 

$4.97 

a. 7a 

a. 66 

s.xo 

.67 

.XX 

.oa 
.oa 

X0.3 
5.6 
5  5 
4-4 

•       x.7 

S.6 

Labor  

Cast'iron  

Wrought-iron 

Bolts 

Lumber 

Nuts 

Paint 

t.6 

Total  

f34.8i 

7a. a 

$«3  44 

87.8 

Total  cost  oer  car 

$48.«S 

xoo.o 

The  expenditures  for  wheels  are  extremely  low  in  all  the  Western  &  Atlantic  recordi,; 
Many  roads  show  as  high  as  40  per  cent  of  car  repairs  expended  in  wheels  alone.  \ 

144.  The  established  mileag;e  rate  for  interchange  of  traffic  is  f  cenis 
per  car^mile,  this   r.tte  having  been  attained  by  a  gradual  drop  Ixott^ 
3  cents  to  2  cents,  to  i^  cent,  to  i  cent,  and  at  last  to  the  present  rate^ 
f  cent,  and  including  (or  being  intended  to  include)  a  certain  profit  qjT 
the  use  of  the  cars  sufficient  to  take  away  all  inducement  for  keepi# 
ioreign  cars  in  home  service,  if  not  to  place  a  certain  penalty  on  sue 
use.     It  is  probable  that,  as  an  average  of  several  years,  the  price  stal| 
is  sufficient  to  do  this,  especially  as  in  addition  to  this  sum  the  rol^ 
using  foreign  cars  is  required  to  make  good,  at  its  own  expense,  dk 
deterioration  which  parts  of  the  car  other  than  the  wheels  and  azl'V  ii^ 
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uffer  while  on  its  lines.  Nevertheless,  whenever  buiiinciiii  In  brink  Miid 
ars  are  scarce,  which  may  be  one  half  to  two  thirdn  of  iho  time,  tho  pric0 
ized  is  not  sufficient  to  cause  cars  to  be  sent  home,  and  \?urncMl  olforli 
xe  now  making  to  bring  about  a  change. 

145t  This  effort  is  more  particularly  directed  to  the  (\xing  of  iom^  p»r«<tifim 
ate,  to  cure  the  great  present  evil,  that  when  can  are  kept  on  hand,  cut  H  Hiilii 
rack,  instead  of  being  sent  home,  sometimes  for  weeki,  the  ofTendliig  road  I(ih9ii 
oching,  since  it  pays  nothing  for  the  car  except  wnen  It  li  In  motion.  'I'hs 
lost  favored  plan  is  a  change  to  a  mixed  per-diem  and  miloMgt  ratt,  MpproNi* 
tating  to  25  cents  per  day-f-i  cent  per  mile.  If  the  car  were  kept  fulthfully  In 
errice,  there  would  probably  be  no  dispute  that  f  cent  per  car  mile  In  nuffitinni 
B  cover  (i)  maintenance  and  renewal  chargef,  (2)  intereit  on  iho  valu«  of  ifm 
(3)  a  fair  business  and  punitory  profit  in  addition. 


Table  74f 

FancHT-CAR  Repairs  Pkr  Car  Per  Yrar,  rm  Lakk,  Uhouh  4 
Michigan  Soithkus  Railway,  for  Six  Vif.AR», 


(Av*:ra^^  rr-i^ra;,":  of  cam  j>*rT  y«i/,  kiM/*it  t'^.y^/  un\^,) 


Cv.7    C-»  *     I'ktr     V» 


/>- 


W'/     f/t    f,/t^ 


j    Rr;:a:Ti  ', 


:cT 


I--    '■' 


^  -r^:*.'- 


:  '--i 


I 


7'/*^'  ^ 


K^^ 


^<  TV. 


^/7 


X  1 


.!.::•-':  Tra"  ::^- 


iK   -iii*»    ti,*  :^a«^  S«rt«e  viJir  If  Ml  ^jf^^*m9' 

:   \:f   i»ii  iianiv^  'fttfUir  *sm»*^  un^  H    iiiTifWfi 


4-1-' 
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146t  The  repairs  which  the  road  using  foreign  cars  has  to  pay  for  in  add! 
tion  to  paying  f  cent  per  mile  are  not  of  great  importance,  and  are  determined 
in  this  wise:  At  every  junction  point  there  is  an  inspector,  usually  a  joint  in- 
spector, who  admits  cars  on  to  the  road  only  when  **  in  good  running  order,"  as 
determined  by  minute  specifications  revised  yearly  by  the  Master  Car-Builders' 
Association.  Once  on  the  road  it  must  be  passed  off  as  fulfilling  all  the  same 
specified  conditions,  or  be  sent  to  the  shop  for  repiatirs.  Failures  of  the  wheels  or 
axles  are  assumed  to  be  (in  default  of  evidence  to  the  contrary)  from  the  nor- 
mal wear  paid  for  by  the  f  cent  per  mile.  Other  failures,  broken  draw-timber 
castings,  sills,  doors,  roofs,  trucks,  etc.,  are  assumed  to  result  from  bad  usage, 
and  are  made  good  in  addition  to  the  mileage  payments.  In  this  way  a  road 
may  often  have  to  pay  for  repairs  due  to  gradual  deterioration,  for  which  it  is 
not  at  fault;  but  the  average  is  about  fair:  and  since  no  general  repairs  are 
made,  but  the  car  is  simply  patched  up  so  as  to  barely  pass  inspection,  it  does 
not  amount  to  a  very  heavy  addition  to  the  established  mileage  rate. 

147.  The  apparent  cost  of  car  repairs,  to  an  even  greater  extent  than 
the  cost  of  engine  repairs,  has  been  and  will  continue  to  be  far  smaller 
than  it  really  is  because  of  the  constant  additions  of  new  stock,  made 
necessary  by  the  rapid  growth  of  traffic.  As  the  repairs  on  new  cars  are 
small  for  many  years,  if  the  stock  of  cars  be  doubling  every  four  or  five 
years,  as  has  been  the  case  in  the  United  States  for  the  past  twenty  years, 
the  apparent  cost  of  repairs  cannot  but  be  greatly  affected.  Table  74 
shows  how  great  an  effect  this  cause  may  have,  in  many  cases.  Any 
figures  seeming  to  be  much  below  those  here  given  will  be  apt  to  be 
largely  affected  by  this  cause,  or  by  the  one  above  alluded  to— omission 
of  general  and  incidental  shop  expenses. 

148.  We  are  less  concerned,  however,  as  in  the  case  of  engine  repairs^ 
with  the  total  cost  of  car  repairs  than  with  its  origin  and  subdivisions; 
as  in  that  way  only  can  we  properly  determine  what  effect  differences  of 
grade  and  line,  or  other  specific  causes,  will  have  upon  the  cost  of  this 
item.  Few  railways  keep,  and  none  publish,  any  detailed  record  of  the 
cost  of  the  various  items  which  make  up  the  enormous  aggr^;ate  of 
"repairs  of  cars,"  that  being  the  only  one  which  appears  in  the  reports, 
or,  as  a  rule,  on  the  books.  It  is  therefore  difficult  to  determine  pre- 
cisely the  ratio  of  the  various  items  to  each  other.  Nevertheless,  from 
the  information  given  in  Tables  70  to  73  and  other  data  (compare 
especially  Table  87)  we  may  conclude  that  the  actual  cost  of  repairs  and 
icoewals  of  freight  cars  is  divided  very  nearly  as  follows : 
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Wheels 30  percent. 

Axles,  brasses,  and  axle-boxes 30 

Springs 10 

Truck  frame  and  fittings, 5 


«< 
«« 


Total  truck, 75  ** 

Brakes, 5  " 

Draw-bars, 10  ** 

Sills  and  attachments,  .^ 5  ** 

Car  body,  painting,  etc., 5  ** 


Total .100 


•< 


149i  Passenger-car  repairs  are,  for  wheels,  axles,  and  brasses,  but 
slightly  more  than  for  a  freight  car  (>er  mile.  Exact  information  as  to 
the  comparative  mileage  of  passenger  and  freight  wheels  is  difhcult  ta 
obtain,  owing  to  the  fact  that  as  soon  as  wheels  show  any  noticeable  de 
feet,  which  yet  does  not  make  them  unsafe,  they  are  withdrawn  from  pas- 
senger service  and  put  under  freight  cars,  often  making  a  large  mileage 
before  being  finally  scrapped.  The  general  tendency  of  the  available 
evidence  is  that  there  is  but  little  difference,  and  that  difference  in  favor 
of  passenger  cars,  the  effect  of  the  higher  speed  being  counterbalanced 
by  less  injurious  brakes  and  better  springs.  The  extra  cost  of  repairs  and 
renewals  of  passenger  cars  is  mainly  in  its  decorations,  better  painting, 
and  interior  fittings ;  and  bearing  in  mind  that  passenger  cars  are  not 
exposed  to  anything  like  the  rough  service,  blows,  and  shocks  which 
come  upon  freight  cars,  we  may  say,  without  any  error  of  moment,  thar 
the  average  cost  per  passenger  car-mile  is  about  as  follows : 


Running  gear,  draw-bars,  etc. 

Sills,  frames,  etc 

Painting  and  varnishing  car  body. 
Interior  fittings  and  upholstery,    . 


Total. 


Fit.  Car. 

Pass.  Car. 

Cts.  Per  Mile. 

0.3 

OS 

O.I 

0.2 

... 

0.2 

... 

0.5 

04        1.4 


T90.  In  other  words,  the  cost  of  maintaining  a  passenger  car  for  those 
items  or  parts  of  items  which  are  affected  by  differences  of  distance,  cur- 
vature, and  gradients  is  not  so  much  greater  than  for  freight  cars,  but 
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6  (til,  113,  114,  116.  and  two  of  118  miles)  under  120  miles. 
4  (ISO,  121,  13$.  and  126  miles)  between  120  and  130  milea. 
6(130.  131,  133,  133,  134,  134  miles)  between  130  and  140  mOcfl. 

1  (145  miles)  between  140  and  1 50  miles. 

2  (150,  i;2  miles)  over  150  miles. 

Thus  the  minimum  is  112  and  the  maximum  153  miles.  This  practice 
tends  strongly  to  economy. 

IS6.  General  and  Station  Expenses  are  but  slightly  aSected  by 
any  probable  variations  in  the  line  and  grades,  so  that  it  is  unnecessary 
to  consider  them  in  detail,  although,  for  many  questions  connected  with 
the  operations  of  railways,  such  analysis  is  highly  important.  They 
amount  altogether  to  about  thirty  per  cent  of  the  total  operating  ex- 
penses, ranging  from  twenty  to  forty  per  cent  in  extreme  cases. 

197.  In  Tables  7$,  76,  77,  78  are  given  various  details  as  to  expendi- 
tures for  the  railways  of  the  entire  United  States  and  the  several  interior 
groups  thereof,  for  the  four  great  trunk  lines,  for  four  minor  trunk  lines, 
and  for  the  six  leading  Chicago  lines.  These  details  are  all  computed 
from  the  census  statistics  of  iSSo,  which  were  the  first  which  gave  an 
available  source  for  obtaining  these  statistics,  on  an  approximately  sim* 

Table  79. 

OPKRATING    EXPEHSSS   OF    BRITISH    RAII-WAVS.    1884-85. 


Ti^^mS. 

PerCeat. 

11.3a 

16.55 
6,05 
19-77 

a. 87 

^11 

0.17 
0.34 

0.51 
0.79 

iS.l 
26.4 
9-7 
31.6 
4.6 
S-S 
i.r 

0.4 

;:i 

1-3 

Compensation; 

Damage  10  (foods 

Legal  and  parliamentary  expenses... 

Tolals 

62.60 

.00.0 

No  roaleiial  change  in  Ihe  percentages  of  these  vi 
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Table  80. 

Approximate  Estimate  of  the  Details  of  Operating  Expenses  for  an 

Average  American  Road. 

[Liable  to  considerable  variations  in  individual  instances,  especia&y  when  the  traffic  is 
very  great  or  very  small,  but  to  much  less  extensive  variations  than  might  be  imagined, 
even  in  extreme  cases.  The  average  total  cost  per  revenue  train-mile  is  still  not  very 
much  below  $1.00,  and  by  taking  it  at  that  even  figure  the  following  become  either 
percentages  or  cents  per  train-mile,  which  we  sh^ll  hereafter  assume  them 
ro  be.] 


[From  1888,  inclusive,  the  ^ 
reports  of  the  Interstate 
Coaimerce  Commission  give 
percentages  of  the  main 
Items  of  operating  expenses 
for  all  single  failways.  J 


Train  Expenses. 
47.0  p.  c. 


Engines. 
18.0  p.  c. 


Maintenance  of  Way. 
23.0  p.  c. 


Train 

Wages  and 

Supplies. 

17.0  p.  c. 


Cars. 
12.0  p.  c. 

Track 

BETWEEN 

Stations. 
8.0  p.  c. 

Road  bed. 
7.0  p.  c. 

Yards  and 

Structures. 

8.0  p.  c. 


Road 
engines, 
14.4  p.  c. 


Fuel 7.6  p.  c 

Water 0.4 

Oil  and 
waste 0.8 

Repairs —  en- 
gines  5.6 


^  Switching  engines 3  •  6  p 

Switching  engine  wages.  ...1.6 


^"w  J  EngineWg«.6.4  p 
^^/-        "S  Car  wages. .  .8.5 
xTffc.    jCarsupVs.oJ 


wages 


Repairs  and  renewals. .    .  .10.0  p, 
Mileage  (a  practical  equiv- 
alent for  repairs) 2.0 


Renewals  of  rails 2.0  p, 

Adjusting  track 6.0 


{Renewing  ties 3-o  p 
Earthwork,  ballasting,  etc.. 4.0 


Switches,    frogs,    and    sid- 
ings   2.5  p 

Bridges  and  masonry 3.5 

Station  and  other  buildings.2.0 


Total  * '  Line"  or  Transportation  Expenses 70 .  o  p 

Station,  Terminal,  and  General  Expenses  and  Taxes 30.0 


c. 


c. 


c. 


Total  Operating  Expenses 100. o  p.  c. 


See  Table  81  for  similar  estimate  from  former  edition. 


i8o 
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ilar  basis  of  distribution  of  expenses.  Many  minor  errors  plainly  oc- 
curred in  making  over  the  accounts  according  to  the  census  form;  but 
the  result  is  more  likely  to  afford  a  uniform  basis  of  comparison  thiin 
a.ny  individual  attempts  to  do  the  same  ibing  with  later  statistics. 

In  Table  78  are  likewise  repeated  the  final  results  of  a  large  table, 
which  the  writer  computed  for  his  former  edition,  from  the  accounts  of 
seventeen  different  roads,  each  averaged  for  from  three  to  ten  years.  It 
will  be  seen  that  the  correspondence  between  these  various  statistics  is 
singularly  close — quite  eiiou^'h  so  to  afTord  a  pretty  accurate  basis  for 
estimating  the  expenses  of  any  road.  In  Table  79  are  given  some  corre- 
sponding  statistics  for  English  railways. 

190.  Summarizing  the  ground  gone  over,  we  may  estimate 
ihe  operating  expenses  of  a  railway  in  the  North  Central  States, 
laid  throughout  with  steel,  and  of  good  average  character,  about 
as  in  Table  80,  on  tlie  previous  page.  With  less  accuracy  this 
table  will  apply  to  railways  in  any  part  of  the  United  States,  the 
principal  cause  of  variation  being  volume  of  traffic. 

This  estimate,  however,  is  merely  an  average,  as  should  al- 
ways be  remembered,  10  be  corrected  in  each  individual  case  ac- 
cording to  local  circumstances.  It  has  been  endeavored  in  this 
chapter  to  furnish  a  guide  for  such  corrections,  as  far  as  possible, 
but  nothing  will  fully  take  the  place  of  intelligent  examinatioo 


Tab: 


;  ei. 


Renewal  oi  mill 7 

Adjiulins  inck.  CIC 6 

Banhwock.twUB'l^nc.'!";;  4 
Swlicbea.  froai.  and  lidloica..  j 
BridRC*  and  bridgs  tBtaoatj.  >.] 
Sution  Mid  aiber  bnlldliii*...  i.j 


^ 
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of  the  facts  on  neighboring  roads.  This  table  gives  merely  a 
rude  average  for  use  in  the  remainder  of  this  volume  for  com- 
puting examples. 


Table  82. 

Percentage  of  Total  Revenue- Mileage  (assumed  as  ioo.)  of  Revenuk- 
Passenger  Trains,  Revenue  Freight  Trains,  '*  Switching  Trains,"  and 
•*  Other"  (mostly  Work)  Trains  in  the  United  States  and  Each 
Group  of  States. 

[Computed  from  the  Statistics  of  the  Census  of  1880.    For  Census  Groups  sec  Table  75] 


Group  op  States. 


New  England  

Middle,  Ind.,  and  Mich . . . 

Southern  

IlL,  la..  Wis.,  Mo.,  Minn 

La.,  Ark.,  Ind.  T 

Far  West  and  Pacific 

United  Sutes 


Miles 
Oper- 
ated. 


S.887 
38,693 
M.243 

877 
13.044 


87.78a 


Rbvbnub  Train-Milb- 

AGB. 


Pas- 
senger. 


51.8 

35« 
34-3 
31. a 
16.9 
34-8 


35  5 


Freight. 


48. a 
644 
657 
68.8 
83.x 
65.3 


64.5 


Total. 


100.0 
100. o 
100. o 
zoo.o 

lOO.O 
lOO.O 


IOO  o 


Othbr  Milbagb. 
(Per  Cent  of  Rer.  Miles.) 


Switch- 
ing. 


xa.6 
16.5 

7a 
16. 1 

4-4 
10.8 


>4-4 


Other. 


35 
4-5 

5-9 
X.9 

9.0 


S-x 


Total. 


x6.i 
az.o 
ia.8 
aa.o 

6.3 
X9.8 


«9-5 


It  is  quite  certain  from  the  statistics  that  the  actual  proportion  of  switching  mileage 
is  larger  than  the  above,  both  because  fully  one  third  of  the  roads  do  not  report  switching 
at  all,  and  because  many  include  switching  with  train-mileage.  The  per  cent  of  switching 
to  rerenue-mileage  of  a  few  single  roads  runs  as  follows  : 


Eastern. 

Per  Cent. 

Middle. 

Per  Cent. 

Boston  A  Albany 

la  9 
18. 

a llearhenv  Valley  

35  1 
ax. 8 

5.6 

as  7 

33-7 
ai.x 
4.0 
«4-7 
33-5 

Boston  ft  Lowell 

Atl,  &  Gt.  Western 

Bait,  b*  Ohio 

CI..  Cnl.,  C.  &  Indianapolis 

CI.  &  Pittsburg           

Col.,  Ch.  &  Ind.  Central. . . . 
Del.,  Lack   fir*  Western  ... 

N.  Y.,  L.  Eric  &  W 

N.  Y.  Central  &  H.  R 

Cent.  Vermont 

Eastern 

>3 
a9 
ai 

3» 
3» 

14 
37 

8 

4 

4 
8 

3 

Fitchbur?  

Maine  Central  

Nashua  &.  Lowell 

Old  Colony 

Prov.  &.  Worcester 

The  two  roads  given  in  italics  above  are  among  those  which  show  an  extraordinarily 
low  cost  per  train-mile.    The  main  cause  therefor  is  clearly  indicated  in  the  above  figui 
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In  Table  80  one  fifth  of  the  total  cost  of  motive-power  has  been 
allotted  to  switching-engines.  In  most  cases  there  is  a  larger 
proporti'in  than  this,  independent  of  the  switching  done  by  reg- 
ular trains  in  transitu,  as  is  partly  indicated  by  the  following 
Table  8>. 

In  Table  81  is  given  the  table  corresponding  to  Table  80, 
which  was  used  in  the  former  edition  of  ttiis  treatise  as  the  as- 
sumed average  distribution  of  expenses  for  computing  examples. 


PART  II. 
THE  MINOR  DETAILS  OF  ALIGNMENT. 


3t  small  things,  (or  thcrerrom  comes  sorrow  aod  disap- 
4  remember  thai  they  are  small,  and  fix  your  aims  and 
jtKir  thouebcs  <MtOy  on  the  great  ends  of  life^"— Horace  Uanh. 


PART  IL 

THE  MINOR  DETAILS  OF  ALIGNMENT 


CHAPTER   VI. 


THE   NATURE    AND   RELATIVE   IMPORTANCE  OF  THE  MINOR  DETAILS 

OF    ALIGNMENT. 

159.  The  three  details  of  alignment  which  are  properly  to  be 
classed  as  minor  details  are  the  following: 

1.  Distance,  or  length  of  line. 

2.  Curvature,  not  sharp  or  so  ill-placed  as  to  limit  the  length 
or  necessary  speed  of  trains,  but  only  to  increase  the  expense  of 
running  trains. 

3.  Rise  and  Fall,  or  elevations  overcome  by  the  engine  on 
gradients  not  exceeding  in  resistance  the  maximum  of  the  road, 
and  hence  not  limiting  the  length  of  the  train. 

160.  These  are  termed,  collectively,  the  minor  details,  for  the 
reason  that  their  influence  is  comparatively  trifling  upon  the 
future  of  the  property  in  comparison  with  two  other  details  of 
overwhelming  importance,  viz.: 

1.  The  amount  of  traffic  which  the  line  has  been  or  may  be 
adapted  to  secure  (often  very  largely  and  even  ruinously  affected 
by  the  location,  for  reasons  discussed  in  Chapter  III.,  the  fol- 
lowing Chapter  VII.,  and  Chapter  XXL),  and 

2.  The  ruling  gradients  or  other  causes,  whatever  they  may 
be,  which  limit  the  weight  and  length  of  trains,  and  so  play  the 
chief  part  in  fixing  the  cost  of  handling  the  traffic.  These  causes 
arc  considered  in  Part  III.  of  this  volume,  under  the  general 
head  of  "Limiting  Gradients  and  Curvature." 

To  characterize  three  such  details  as  distance,  curvature,  and 
rise  and  fall  as  minor  details,  either  separately  or  collectively, 
does  some  violence  to  popular  impressions,  which  exist  even 
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among  engineers.  It  will  therefore  be  well  that  we  should  first 
see,  by  a  "bird's-eye  view"  of  the  subject,  free  from  all  detail, 
why  the  designation  is  a  proper  one,  nevertheless. 

1S1.  The  ideal  line  for  a  railway  between  any  two  points  is 
popularly  felt  to  be  a  right  line  between  the  two  termini.  This 
may  even  be  found  stated  as  an  axiom  in  some  engineering  works, 
and  in  a  strictly  engineering  sense  it  is  true.  If  it  were  true  in 
every  sense,  it  should  follow  that,  in  proportion  as  a  line  deviates 
therefrom,  it  is  bad ;  and  since  the  three  details  classified  as 
"  minor"  include  every  possible  deviation  therefrom  in  either  of 
the  three  dimensions  of  space, — curvature  representing  lateral 
deviations;  rise  and  fall,  vertical  deviations ;  and  distance,  lon- 
gitudinal deviations,— the  three  together,  far  from  being  minor 
details,  seem  naturally  to  represent  or  include  all  the  conditions 
which  make  a  line  good  or  bad.  This  view  is  so  far  plausible, 
that  it  is  asserted  or  implied  to  be  the  true  one,  not  only  in  com- 
mon  talk,  but  in  technical  discussions  or  writings.  "A  short, 
straight  line  was  obtained,  with  few  curves  or  high  elevations," 
will  pass  very  generally  as  a  description  of  what  must  be  an  ex- 
cellent line. 

Yet,  as  a  matter  of  fact,  this  view  is  wholly  erroneous — so 
gravely  erroneous  that  the  excellence  or  badness  of  the  line  Jo 
all  the  minor  details  put  together,  within  wide  limits,  has  com- 
paratively a  very  slight  influence  on  its  value  as  an  investment 
or  on  its  usefulness  to  the  public. 

163.  We  shall  see  why  this  is  true  of  each  detail  separately,  as 
we  come  to  consider  each  in  detail.  To  see  why  it  is  true  of  all 
three  put  together,  let  us  take  the  case  of  two  railways  be- 
tween the  same  points — one  a  little  shorter,  a  little  less  crooked, 
and  with  a  little  less  up  and  down  in  its  gradients;  but  suppose 
them  both  to  have  cost  the  same  money,  to  have  the  same  tribu- 
tary population,  to  be  able  to  haul  the  same  trains  with  the  same 
engines,  and  to  make  the  same  time  between  termini.  These 
conditions  obtain  in  many  instances,  and  may  conceivably  in  all. 
Nay,  we  might  even  extend  our  parallel,  and  assume  that  then 
are  considerable  difierences  in  one  or  the  other  of  the  minor 
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details  between  the  two  lines,  but  always  on  the  condition  that 
they  still  remain  minor  details  as  already  defined,  in  that  they 
do  not  affect  the  sources  of  traffic  nor  the  amount  of  traffic  which 
can  he  handled  by  one  train. 

163.  Which  of  these  two  lines  is  the  best  property  ?  It  is  a 
matter  of  the  merest  chance — a  mere  question  of  management, 
or  of  business  shrewdness  in  effecting  connections.  The  differ- 
ence in  the  minor  details  will  beyond  doubt  be  of  large  absolute 
importance,  but  will  have  so  trivial  an  effect  comparatively  that 
it  will  hardly  enter  into  the  question  at  all. 

164.  This  results  simply  from  the  broad  general  fact  that  those 
details  affect  only  the  cost  per  trip  of  running  trains ^  and  that  but 
slightly^  while  they  do  not  reduce,  nor  in  any  manner  affect 
(within  wide  limits),  either  the  work  done  or  the  revenue  earned 
by  each  train.  It  is  now  abundantly  established  by  experience 
that  the  effect  of  those  details  on  the  direct  cost  per  trip  or  per 
mile  of  running  trains  is  an  exceedingly  small  percentage  of  the 
aggregate,  within  the  widest  limits  of  deviation  which  exist  in 
practice.  As  for  distance  :  the  additional  cost  of  running  a  few 
more  miles  is  but  a  small  portion  of  the  average  cost,  and  is 
always  counterbalanced  by  the  receipts  of  some  additional 
revenue — often  enough  to  make  the  advantage  greater  than  the 
disadvantage,  and  always  enough  to  greatly  reduce  the  disad- 
vantage. As  for  curvature,  and  rise  and  fall :  it  is  now  estab- 
lished beyond  all  question  that  no  considerable  difference  in  the 
aggregate  expenses  per  train-mile  on  different  railways,  or  on 
different  divisions  of  the  same  railway,  can  be  detected,  which  is 
clearly  due  to  differences  in  the  amount  of  curvature,  or  rise  and 
fall,  even  when  very  marked  differences  in  those  details  exist. 
Tables  75  to  80,  as  well  as  Table  83,  afford  cumulative  evidence 
of  this  fact,  which  has  been  commented  on  at  intervals  from  the 
very  beginning  of  railroad  history.  One  of  the  earliest  records 
of  the  fact  is  the  following  statement  of  the  eminent  English 
engineer  Mr.  Charles  B.  Vignoles,  formerly  President  of  the  In- 
stitution of  Civil  Engineers,  as  quoted  with  approval  in  Demp- 
sey's  "Practical  Railway  Engineer"  (p.  11). 
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leraged  3J.  per  mile — zr.  6</.  being  the  least,  and  31.  4//.  the  great- 
id  that  this  average  seemed  to  hold  good  irrespective  of  grades  and 
[in  italics  as  ouoted].  It  was  not  found  practicable  to  distinguish 
ditional  expense,  if  any ;  but  as  three  fourths  of  railway  expenses 
uite  independent  of  these  causes,  such  additions  must  be  small." 
i.  The  essential  truth  of  this  statement  has  been  growing 
and  better  established  with  time  to  the  present  day,  and 
ill  readily  find  evidence  that  it  even  understates  the  facts 
we  come  to  consider  the  effect  of  these  details  in  the 
te  items  of  railway  expenditure.  From  this  it  does  not 
that  these  details  have  no  important  effect  on  expenses, 
do  have  an  important  effect,  which  increases  by  a  large 
tage  certain  single  items  of  expenses,  and  is  readily  traced 
I.  But  they  always  add  only  a  trifling  percentage  to  the  * 
^ate  expenses,  even  when  very  marked  differences  exist. 
And,  moreover,  the  important  further  fact  must  be 
bcred  that,  as  respects  any  one  line,  there  can  be  at  most, 
began  by  assuming  (par.  162),  only  a'Mittle*'  difference  in 


Fig.  5. 

oor  details,  for  the  vastest  expenditure  cannot  effect  much 
No  possible  expenditure  can  eliminate  curvature  alto- 
and  give  a  continuous  right  line  AB^  Fig.  5,  of  any  con- 
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We  have  seen  (par.  142)  that  something  like  28  per  cent  of 
the  locomotives  of  New  York  State  are  used  for  yard  work  only, 
besides  which  a  large  proportion  of  the  wear  and  tear  and  waste 
of  power  of  engines  in  regular  service  comes  from  yard  work 
and  stopping  and  starting.  Precisely  how  much,  we  will  not 
now  consider ;  but  it  will  be  plain  in  a  general  way  that  only  a 
minute  percentage  of  even  the  cost  of  engine  and  car  repairs  can 
be  saved  by  improvements  of  line  which  do  not  reduce  the  num- 
ber of  trains  required. 

Then  as  to  maintenance  of  way:  All  that  degeneration  which 
comes  from  the  elements,  from  the  decay  of  ties,  from  the  growth 
of  weeds ;  expenses  for  maintaining  frogs,  switches,  sidings, 
yards,  stations,  bridges,  culverts,  crossings,  signals,  track-walkers 
(for  the  most  part),  track-watchmen,  hand-cars,  fences,  etc.,  are 
virtually  unaffected,  or  nearly  so,  by  any  modifications  of  line 
(except  distance)  which  are  within  the  power  of  the  engineer  to 
effect,  as  is  likewise  that  portion  of  the  wear  of  rails,  ties,  and 
surfacing  which  would  exist  on  the  best  possible  line,  and  which 
is  on  any  long  line  (for  none  are  everywhere  unfavorable)  by  (ar 
the  larger  part  of  it 

170.  There  remains,  therefore,  only  a  very  small  fraction  of 
about  half  the  operating  expenses,  or  a  very  small  fraction  of 
one  third  of  the  revenue,  which  varies  directly  with  the  minor 
details  of  alignment,  whereas  a  full  half  (in  round  figures)  of  the 
operating  expenses  or  a  full  third  of  the  revenue  varies  directly 
with  the  number  oi  trains.  The  smaller  loss  is  still  enough  to 
justify  and  require  the  utmost  care  of  the  engineer  to  avoid  it, 
but  it  is  not  enough  to  make  it,  ordinarily,  anything  but  the 
worst  of  bad  judgment  to  sacrifice  the  securing  of  good  limiting 
gradients,  or  the  reaching  of  more  traffic  points,  to  get  ''a  short, 
straight,  and  level  line,"  which  may  or  may  not  mean  a  good  line, 
for  we  shall  see  (Part  III.)  that,  although  a  tolerably  *'  level "  line 
passing  over  low  summits  ordinarily  means  one  with  low  ruling 
grades,  yet  that  the  two  have  no  very  exact  relation  to  each 
other. 

171.  We  may  further  enforce  the  very  important  moral  of  the 
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part.  Until  all  has  been  done  which  can  be  done,  therefore,  to 
reduce  the  number  of  trains  required,  it  is  hardly  worth  while  to 
give  a  thought  to  reducing  the  expenses  per  train-mile.  After- 
wards it  becomes  proper  and  important  to  reduce  the  latter  also, 
to  the  extent  that  is  permissible  without  encroaching  on  the  two 
more  important  ends  ;  to  get  the  business  to  carry  and  to  make 
a  few  trains  carry  it. 

175.  The  student  can  do  no  more  profitable  thing  to  qualify 
himself  for  the  correct  conduct  of  location  than  to  ponder  over 
the  parallel  thus  drawn  until  it  is  clearly  perceived  to  be  essen- 
tially true,  not  only  in  substance  but  in  degree;  until  he  clearly 
perceives  that  the  three  ends  of  getting  business,  of  saving  need- 
less travel,  and  of  reducing  the  direct  mileage  expenditures 
should  occupy  about  an  equal  proportion  of  the  attention  of  an 
engineer  building  a  railway  and  a  drummer  building  up  trade. 
Each  is  important.  No  one  of  them  can  be  safely  neglected  ; 
but  each  in  the  order  given  is  far  more  important  than  the  other. 

Why  this  is  so  in  railway  business  appears  more  in  detail  in 
the  three  following  chapters. 


CHAPTER  VII. 


DISTANCE. 


176«  The  effect  of  a  variation  in  the  length  of  a  railway  on  the 
vafue  of  the  property  we  have  seen  (Chap.  III.)  to  be  peculiar  in 
this — that,  alone  among  all  the  details  of  alignment,  it  has  a 
direct  and  material  effect,  not  only  on  expenses,  but  on  the  reve- 
nue or  receipts,  which  tends  very  materially  to  reduce  its  finan- 
cial disadvantage.  As  a  contrary  view,  leading  to  a  feeling  that 
any  longer  distance  between  termini  is  an  unmitigated  mis- 
fortune, and  a  great  one,  is  common  even  with  engineers  and 
practical  railroad  men,  and  as  this  view  is  as  mistaken  as  it  is 
common,  and  leads  to  much  mistaken  action,  it  will  be  well,  be- 
fore proving  affirmatively  that  this  view  is  an  error,  to  point  out 
the  nature  and  source  of  the  error  (which  is  easily  enough  seen), 
since  the  presumption  is  strong  that  any  view  which  is  widely 
held  is  a  true  one. 

177.  Its  origin  lies  in  a  series  of  plausible  non-sequiturs^  which 
are,  in  a  few  words,  these — no  one  of  them  being  true  : 

1.  Rates  are  (usually  and  whenever  possible)  fixed  at  so  much 
per  mile,  because  (fallacy  i)  it  costs  so  much  per  mile  to  transport 
the  passenger  or  freight.  Ten  per  cent  more  or  less  distance 
means  ten  per  cent  more  or  less  fare,  and  "  necessarily"  (fallacy 

2)  ten  per  cent  more  or  less  expense. 

2.  But  on  onr  particular  railway  the  service. rendered  is  just 
as  valuable,  if  transportation  be  furnished /r£?w  the  point  desired 
to  the  point  desired,  whether  the  intermediate  distance  be  90 
miles  or  100  miles,  and  hence  (by  a  long  but  unconscious  jump 
over  a  vast  hiatus  in  the  reasoning)  we  shall  "  of  course*'  (fallacy 

3)  receive  the  same  money  for  it.     Therefore,  necessarily, 
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Grades,  curvature,  cost  of  construction,  terminal  expenses,  vol- 
ume of  traffic,  whether  tlie  cars  return  full  or  empty — all  these 
have  very  much  more  to  do  with  the  cost  of  service  than  the 
mere  distance  transported,  but  they  are  entirely  neglected  in  fix- 
ing schedules  of  rates,  simply  because  the  consumer  is  not  con- 
scious of  receiving  any  value  when  he  is  transported  over  curva- 
ture or  grades,  but  is  conscious  of  receiving  value  when  he  is 
transported  over  distance.  For  this  very  humble  reason  only, 
and  not  because  there  is  any  natural  equity  in  it,  the  railway 
taxes  him  for  the  one  service  and  not  for  the  other,  so  that  it  may 
even,  to  a  certain  extent  and  under  certain  circumstances,  and  so 
long  as  those  circumstances  continue,  be  a  positive  advantage  to 
a  line  to  have  a  few  miles  of  extra  distance,  especially  when  ad- 
ditional way  traffic  is  thereby  secured. 

1W.  The  mere  possibility  of  such  effect  makes  it  invariably 
necessary,  in  considering  the  effect  of  distance,  to  consider  its 
effect  on  revenue  as  well  as  on  expenses,  even  if  the  former  be 
considered  only  to  be  disregarded.     To  disregard  it  is  often  the 
ooij  proper  course,  for  this  reason  if  no  other  :  As  a  question 
purely  of  public  policy — that  is  to  say,  if  the  interests  of  the 
corporation  were  in  all  respects  strictly  identical  with  the  in- 
terests of  the  community  as  a  whole — the   effect   of   distance 
upon  operating  expenses  would  be  the    only  one  which  there 
would  be  need  to  consider,  and  its  effect  on  revenue  should  not 
be  considered  at  all.     For  since  the  real  service  rendered  and 
paid  for  is  the  transportation  of  persons  or  property  from  one 
terminus  to  another,  the  precise  length  of  track  between  the  two 
should  have  no  more  effect  upon  the  price  paid  than  the  precise 
amount  of  curvature  or  rise  and  fall,  and  much  less  than  the  rates 
of  ruling  grades.     All  should  be  considered  or  none  should  be. 
And   even  in  the  case  of  railways  constructed  by  private  en- 
terprise for  pecuniary  profit,  although  the  fact  that,  both  by  law 
and  by  fixed  custom,  there  is  a  certain  credit  side  to  the  disad- 
rantages  of  a  circuitous  route  and  not  to  other  disadvantages 
is  entitled  to  a  certain  legitimate  weight,  yet  the  nature  of  this 
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the  considerable  class  of  expenditures  which  vary  therewith,  re- 
main practically  constant,  as  well  as  (very  frequently)  train 
wageSy  and  are  not  perceptibly  affected  until  the  change  of 
length  amounts  to  a  considerable  percentage.     How  much  such 

RELATIVELY   SMALL  CHANGES   OF   LENGTH  affeCt  expcnseS  We  shall 

first  consider. 

183.  Maintenance  of  Way.— The  entire  cost  of  maintenance  of 
way  proper  (excluding  yards  and  structures)  may,  without  any  serious 
exaggeration*  be  considered  as  var)'ing  with  changes  of  distance  as  great 
as  2  or  3  miles;  but  it  is  not  true,  even  of  such  items  as  track  labor  and 
track  watchmen,  that  they  are  appreciably  affected  by  variations  of  a  few 
hundred  feet,  or  even,  sometimes,  of  as  much  as  half  a  mile  in  distance. 
This  results  from  the  fact  that  the  cost  of  track  labor  is,  and  will  be  still 
more  in  the  future,  fixed  by  other  causes  than  the  precise  amount  of  labor 
to  be  performed.  It  is  essential  for  safety  that  there  should  be  a  gang  of 
men,  large  enough  to  handle  a  hand-car  and  put  in  a  rail,  every  5  0/  6 
miles;  and  to  this  end,  in  practice,  the  road  is  di/ided  up  into  an  even 
number  of  sections  of  about  that  length,  and  a  minimum  number  of  men 
assigned  to  each,  whose  duty  during  a  large  portion  of  the  year  is  simply 
watchfulness  and  "tinkering."  It  is  only  during  a  few  months  in  the 
spring  and  summer  that  the  amount  of  labor  put  upon  the  track  varies 
strictly  with  the  distance. 

It  is  safer,  however,  to  consider  that  all  track  and  road-bed  expenses 
(15  cts.  or  per  cent — Table  80)  will  vary  directly  with  distances  large 
enough  to  be  measured  by  miles  or  quarter* miles,  as  they  will  certainly 
do  when  the  distances  become  as  great  as  of  2  or  3  miles ;  but  for  dis- 
tances of  a  few  feet  or  stations  there  is  no  reasonable  possibility  that 
other  items  than  rail  wear,  tie  renewals,  ballast,  and  fencing  will  increase 
m  direct  ratio. 

184,  Fuel. — A  very  considerable  percentage  of  the  consumption  of 
fuel  is  a  constant  wastage  independent  of  the  exact  distance  run.  The 
cost  of  kindling  fires  alone  averages  8  or  10  per  cent  of  the  total,  as 
shown  in  Table  84.  A  fire-box  full  of  coal  is  wasted  every  time  the  fire 
is  drawn,  which  was  formerly  about  every  100  miles  run,  but  is  now,  on 
an  average  of  a  whole  road,  nearer  to  every  1000  miles,  owing  to  the  in- 
troduction of  the  practice  of  banking  fires,  especially  with  the  long-trip 
system.  This  practice  saves  no  fuel,  however,  but  rather  wastes  some. 
Its  advantage  being  wholly  in  saving  of  time  and  of  injury  to  the  loco 
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3.  AH  extra  distance  adds  greatly  to  the  cost  of  the  service 
(fallacy  i  and  2);  adds  nothing  to  the  value  of  the  service  (true 
enough  with  certain  limitations);  hence  adds  nothing  to  revenue 
(fallacy  3),  and  hence  is  among  the  greatest  of  disadvantages: 
Q.  E.  D. 

The  truth  is,  not  one  single  item  of  railway  expenditure,  large 
or  small,  not  even  fuel  or  wear  of  wheels,  varies  in  direct  ratio 
with  distance,  or  in  anything  like  direct  ratio,  and  more  than 
lialf  of  them  are  very  slightly  if  at  all  affected  thereby.  On  the 
other  hand,  a  very  large  proportion — on  some  railways  almost  the 
whole— of  the  receipts  does  vary  directly  with  the  distance. 

178.  The  reason  why  rates  are  so  generally  based  more  or  less 
directly  on  distance  hauled,  and  on  nothing  else  except  necessity, 
is  not  in  the  least  that  it  is  a  primary  factor  in  the  cost  of  the 
service,  but  simply  this:  The  sale  of  transportation,  like  the 
sale  of  any  other  commodity,  is  governed  by  the  one  universal 
business  law  of  selling  whatever  is  salable  as  dearly  as  possible 
(or  at  least  as  dearly  as  is  prudent  and  wise),  regardless  of  the 
cost  of  production.  The  selling  price  of  no  marketable  com- 
modity, whether  transportation  or  houses  or  cotton  cloth,  is  fixed 
by  the  cost  of  production,  except  that  if  it  will  not  bring  a  pro- 
fit on  its  cost  it  is  no  longer  produced  ;  and  for  railways  any 
such  attempt  would  be  particularly  senseless,  for  the  reason  that, 
as  we  have  elsewhere  seen  (par.  40,  181),  the  cost  of  any  par- 
ticular sale  of  transportation  may  be  considered  as  varying  any- 
where from  zero  upwards  ;  depending,  to  a  far  greater  extent 
than  in  any  other  commercial  transaction,  simply  upon  the 
amount  that  can  be  sold. 

179.  Thus  it  has  happened  that  the  distance  transported  has 
been  made  the  basis  for  tariffs  (when  they  have  any  basis  what- 
ever other  than  the  amount  which  it  is  possible  to  collect),  as 
measuring  in  a  rude  way,  not  the  cost  of  the  service,  but  the 
consumer's  idea  of  its  value.  In  point  of  fact,  the  distance  trans- 
ported  is  but  one  of  many  circumstances — and  certainly  not 
the    most    important — which    fix    the   cost  of    transportation. 
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Grades,  curvature,  cost  of  construction,  terminal  expenses,  vol- 
ume of  traffic,  whether  the  cars  return  full  or  empty — alj  these 
have  very  much  inore  to  do  with  the  cost  of  service  than  the 
mere  distance  transported,  but  they  are  entirely  neglected  in  fix- 
ing schedules  of  rates,  simply  because  the  consumer  is  not  con- 
scious of  receiving  any  value  when  he  is  transported  over  curva- 
ture or  grades,  but  is  conscious  of  receiving  value  when  he  is 
transported  over  distance.  For  this  very  humble  reason  only, 
and  not  because  there  is  any  natural  equity  in  it,  the  railway 
taxes  him  for  the  one  service  and  not  for  the  other,  so  that  it  may 
even,  to  a  certain  extent  and  under  certain  circumstances,  and  so 
long  as  those  circumstances  continue,  be  a  positive  advantage  to 
a  line  to  have  a  few  miles  of  extra  distance,  especially  when  ad- 
ditional way  traffic  is  thereby  secured. 

180.  The  mere  possibility  of  such  effect  makes  it  invariably 
necessary,  in  considering  the  effect  of  distance,  to  consider  its 
efifect  on  revenue  as  well  as  on  expenses,  even  if  the  former  be 
considered  only  to  be  disregarded.  To  disregard  it  is  often  the 
only  proper  course,  for  this  reason  if  no  other  :  As  a  question 
purely  of  public  policy — that  is  to  say,  if  the  interests  of  the 
corporation  were  in  all  respects  strictly  identical  with  the  in- 
terests of  the  community  as  a  whole — the  effect  of  distance 
upon  operating  expenses  would  be  the  only  one  which  there 
would  be  need  to  consider,  and  its  effect  on  revenue  should  not 
be  considered  at  all.  For  since  the  real  service  rendered  and 
paid  for  is  the  transportation  of  persons  or  property  from  one 
terminus  to  another,  the  precise  length  of  track  between  the  two 
should  have  no  more  effect  upon  the  price  paid  than  the  precise 
amount  of  curvature  or  rise  and  fall,  and  much  less  than  the  rates 
of  ruling  grades.  All  should  be  considered  or  none  should  be. 
And  even  in  the  case  of  railways  constructed  by  private  en- 
terprise for  pecuniary  profit,  although  the  fact  that,  both  by  law 
and  by  fixed  custom,  there  is  a  certain  credit  side  to  the  disad- 
vantages of  a  circuitous  route  and  not  to  other  disadvantages 
is  entitled  to  a  certain  legitimate  weight,  yet  the  nature  of  this 
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credit  side  greatly  affects  the  expediency  of  relying  on  it  ;  for 
it  is  obtained,  not  by  rendering  more  valuable  service,  nor  by 
decreasing  the  cost  of  the  service,  but  by  the  corporation  avail- 
ing itself  of  an  arbitrary  custom  to  transfer  a  portion  of  the 
burden  arising  from  one  element  of  an  unfavorable  line  (and 
not  of  others)  from  its  own  shoulders  to  the  public  at  large,  or 
to  its  connecting  companies. 

Moreover,  this  is  a  variable  power,  which  does  not  always  exist 
at  all.  We  will  therefore,  for  the  present,  postpone  all  discussion 
of  that  side  of  the  question,  and  neglect  it  wholly,  until  we  have 
determined  the  effect  of  distance  upon  operating  expenses. 

181i  As  .illustrating  the  vastly  greater  effect  of  other  causes  than  distance  on 
the  cost  of  transportation: 

Wm.  von  N5rdling,  one  of  the  most  eminent  of  Austrian  engineers,  in  a 
study  on  the  cost  of  railway  transportation,  apropos  of  a  proposition  for  con- 
structing large  canals  to  connect  the  Danube  with  the  Oder  and  the  Elbe, 
submits  some  interesting  calculations,  in  which  he  avoids  the  mistake  su 
commonly  made  in  such  calculations  (and  oftener  in  Europe  than  elsewhere) 
of  calculating  the  average  cost  per  mile  of  transportation  on  the  railroad,  and 
assuming  that  to  be  the  measure  of  the  cost  of  transporting  any  greater  or  less 
amount  of  traffic  any  greater  or  less  distance. 

After  calculating  that,  the  average  cost  per  ton  per  mile  on  the  Theiss  Rail- 
way of  Austria,  in  1875,  was  0.98  cent,  exclusive  of  loading  and  unloading,  he 
finds  that  additional  freight  under  ordinary  conditions  would  have  cost  0.457 
cent;  with  cars  full  one  way  and  returning  empty,  0.392  cent;  and  full  both 
ways,  0.286  cent  per  ton  per  mile;  while  back  load  for  cars  that  otherwise  would 
return  empty  would  have  added  only  o.  180  cent  per  ton  per  mile  to  the  expenses. 

THE   EFFECT   OF   DISTANCE   ON   OPERATING   EXPENSES, 

182.  The  cost  of  operating  additional  distance  not  only  is 
not  the  same  per  mile  as  the  average  cost,  but  is  not  even  a  con- 
stant quantity  per  unit  of  additional  length  ;  that  is  to  say,  is 
by  no  means  the  same  per  mile  when  the  addition  to  be  consid- 
ered is  one  mile  as  when  it  is  twenty.  With  the  small  changes 
of  distance  which  most  frequently  occur,  the  number  of  yearly 
trips  of  rolling-stock,  the  number  of  buildings  and  sidings,  and 
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the  considerable  class  of  expenditures  which  vary  therewith,  re- 
main practically  constant,  as  well  as  (very  frequently)  train 
wages,  and  are  not  perceptibly  affected  until  the  change  of 
length  amounts  to  a  considerable  percentage.     How  much  such 

RELATIVELY   SMALL   CHANGES  OF   LENGTH  affcCt  expenses  We  shall 

first  consider. 

183.  Maintenance  of  Way. — The  entire  cost  of  maintenance  of 
way  proper  (excluding  yards  and  structures)  may,  without  any  serious 
exaggeration,  be  considered  as  varying  with  changes  of  distance  as  great 
as  2  or  3  miles;  but  it  is  not  true,  even  of  such  items  as  track  labor  and 
track  watchmen,  that  they  are  appreciably  affected  by  variations  of  a  few 
hundred  feet,  or  even,  sometimes,  of  as  much  as  half  a  mile  in  distance. 
This  results  from  the  fact  that  the  cost  of  track  labor  is,  and  will  be  still 
more  in  the  future,  fixed  by  other  causes  than  the  precise  amount  of  labor 
to  be  performed.  It  is  essential  for  safety  that  there  should  be  a  gang  of 
men,  large  enough  to  handle  a  hand-car  and  put  in  a  rail,  every  5  o*'  6 
miles;  and  to  this  end,  in  practice,  the  road  is  di/ided  up  into  an  even 
number  of  sections  of  about  that  length,  and  a  minimum  number  of  men 
assigned  to  each,  whose  duty  during  a  large  portion  of  the  year  is  simply 
watchfulness  and  "tinkering."  It  is  only  during  a  few  months  in  the 
spring  and  summer  that  the  amount  of  labor  put  upon  the  track  varies 
strictly  with  the  distance. 

It  is  safer,  however,  to  consider  that  all  track  and  road-bed  expenses 
(15  cts.  or  per  cent — Table  80)  will  vary  directly  with  distances  large 
enough  to  l)e  measured  by  miles  or  quarter- miles,  as  they  will  certainly 
do  when  the  distances  become  as  great  as  of  2  or  3  miles  ;  but  for  dis* 
tances  of  a  few  feet  or  stations  there  is  no  reasonable  possibility  that 
other  items  than  rail  wear,  tie  renewals,  ballast,  and  fencing  will  increase 
m  direct  ratio. 

184.  Fuel. — A  very  considerable  percentage  of  the  consumption  of 
fuel  is  a  constant  wastage  independent  of  the  exact  distance  run.  The 
cost  of  kindling  fires  alone  averages  8  or  10  per  cent  of  the  total,  as 
shown  in  Table  84.  A  fire-box  full  of  coal  is  wasted  every  time  the  fire 
is  drawn,  which  was  formerly  about  every  100  miles  run,  but  is  now,  on 
an  average  of  a  whole  road,  nearer  to  every  1000  miles,  owing  to  the  in- 
troduction of  the  practice  of  banking  fires,  especially  with  the  long-trip 
system.  This  practice  saves  no  fuel,  however,  but  rather  wastes  some. 
Its  advantage  being  wholly  in  saving  of  time  and  of  injury  to  the  loco 
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189.  In  Table  85  each  of  the  smaller  items  is  as  small  as  it  can  rea- 
sonably be  made.  Consequently  not  more  than  42  per  cent  of  the  cost 
of  the  engine  repairs  appears  to  vary  with  the  minor  changes  of  length. 
The  distribution  to  curvature  and  grades  will  b«  spoken  of  hereafter.  Ii 
will,  of  course,  vary  greatly  on  different  roads.  Table  86  is  a  similar  dis- 
tribution of  the  cost  of  freight-car  repairs  based  in  part  upon  Tables  71 
to  75,  and  in  part  on  Table  87. 

190.  It  will  be  seen  that  a  considerably  larger  proportion  of  car  re- 
pairs than  of  engine  repairs  is  independent  of  distance,  as  is  but  natural. 
The  cost  of  passenger-car  repairs  may  be  considered  as  not  greatly  differ- 
ent per  train  from  that  of  freight  trains,  but  the  maintenance  of  the  seats, 
furniture,  and  inside  and  outside  ornamentation  make  up  much  more 
than  half  the  cost  of  passenger- car  repairs,  so  that  the  cost  per  train  of 
all  kinds  of  running  wear  is  much  less  considerable. 


Table  87, 

Estimated  Cost  New,  Scrap  Value,  and   Rate  of  DEPRSCiATioir  or 

Freight  Cars  of  Various  Kinds. 

(Deduced  from  daU  published  \n  the  National  Car-BuiltUr  of  April,  i88a] 

Box  Cars, 


Labor. 

Material. 

Total. 

Scrap 
Value. 

Toul 
Deprec*ii. 

LifeT 
Yeafs. 

Annual 
Deprcc*n. 

Wheels 

$90.00 
45.00 
10.00 

94.94 

$35.00 

15.00 

4.00 

25.00 

$55. 

30. 

6. 

70. 

4 
8 

3 
35 

•13.75 
3.75 

2  00 

Axles. ....... 

Brasses 

Frame 

2.00 

Truck 

Brakes. 

Draw-bars... . 

Frame 

Roof 

Floor 

Sides 

Paintinf^ 

Trimmings.. . 
Trusses 

$227.82 

7.33 
26.08 

52.85 

25.49 
10.76 

36.78 

5.25 
13.29 

5.89 

$12.12 
2.16 

2.95 
6.79 

3-34 

1. 12 
7.58 
2.16 
6.23 

1. 13 

239.94 

9-49 
29.03 

59.64 

28.83 

11.88 

44.31 
7.41 

19.52 
6.02 

79.00 
2.00 
6.00 

10.00 
4.00 
1. 00 
2.00 

3.00 
3.00 

161. 

7.50 
23. 
50. 

25. 
II. 

42. 
7.50 
16. 

3. 

7.5 
6 

6 

Z5 

8 

xo 

80 

7 
80 

80 

$81.50 
1.25 
3.83 
3.33 

3. 18 
X.IO 
8.10 
1.07 
.80 

.X5 

Total,  box  c. 

410.54 

45.58 

456.12 

110.00 

346. 

9.1 

l3Sts 

Stock  cars.... 

388.72 

42.68 

431.40 

(OV( 

jr.) 
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Table  87. — Continued. 

Flat  and  Coal  Cars. 


Truck  (as  above) 

Brakes  

Draw-bars 

Frame  * 

Floor 

Sides 

Fittings 

Trusses 

Painting. 

Total 


Total  Cost 
New. 


$239.94 

9.49 

29.03 

45.00 

12.00 

8.00 

5.00 

6.00 

6.00 


$360.46 


Scrap 
Value. 


$79 

2 

6 
10 
I 
I 
I 

3 


$103. 


Total 

Average 

Depreciat*n. 

Life. 
Years. 

$161. 

7.50 

6 

23. 

6 

35. 

15 

II. 

10 

7. 

20 

4. 

20 

3. 

20 

6. 

7 

$257.50 

Annual 
Depreciat*!!. 

$21 . 50 
1.25 

3.83 

2.33 
1. 10 

0.35 

0.20 

0.15 

0.88 

$31.59 


Per  Cent  of  Total  Depreciation. 


Wheels 

Axles  and  brasses 
Truck  frame , 

Total  truck 

Brakes , 

Draw- bars 

Frame 

Other  parts , 

Total 


Flat  Cars. 


43.5 
18.2 

6.3 


68.0 

4.0 

12. 1 

7.4 
8.5 


100. o 


Box  Cars. 

36.0 

15.0 

5.2 

56.2 

3-3 
10. o 

8.7 
21.8 


100. o 


Average. 


40. 
16.6 

5.7 


62.3 
3.6 

11. 0 

8.0 

15. 1 


100. o 


With  this  table  compare  Table  73.  The  principal  discrepancy  between  the  two  is  that 
the  cost  of  wheels  is  much  less,  and  of  brasses  much  more,  in  the  latter.  On  the  whole, 
this  table  is  at  least  equally  trustworthy. 

The  rule  of  the  Master  Car-Builders'  Association  is  that  6  per  cent  per  year,  or  say  $30, 
shall  be  allowed  for  depreciation  in  value  of  freight  cars,  down  to  a  minimum  of  40  pei 
cent  of  their  original  cost. 


191.  Train  Wages. — The  tendency,  as  already  stated  (par.  152),  is 
more  and  more  to  fix  all  train  wages  directly  by  the  mile,  especially  on 
the  latter  lines  made  up  of  several  divisions  and  with  heavy  traffic* 
where  the  total  number  of  trips  a  crew  can  run  per  month  is,  in  fact, 
|)roportioned  almost  exactly  to  the  length  of  the  run.    Some  arbitrary 
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limit  is  fixed,  varying  from  2600  to  3500  miles,  as  a  month's  work. 
Dividing  this  by  the  length  of  each  division  gives  the  number  of  trips 
to  constitute  a  month's  work,  the  fraction  being  disregarded  in  favor  of 
the  employ^.  On  a  division  100  miles  long  26  trips  is  a  month's  work; 
on  a  division  90  or  105  miles  long  28.89  and  24.76  trips  would  be  exactly 
a  month's  work,  but  the  fraction  would  be  dropped  in  favor  of  the  em- 
ploy6,  and  28  and  24  trips,  respectively,  called  a  month's  work.* 

192t  Many  of  the  smaller  lines  still  pay  no  attention  to  the  exact 
mileage  run,  and  others  (including  probably  over  half  the  mileage  of  the 
United  States)  adopt  the  compromise  plan  already  described  (par.  154); 
but  under  any  circumstances  it  will  be  seen  that  it  is  extremely  unlikely 
that  slight  changes  of  length  of  a  few  hundred  feet  will  affect  train 
wages  in  any  manner  or  under  any  circumstances  whatever.  The  circum- 
stances, and  the  probable  standard  of  train  wages,  must  be  considered 
in  each  case,  and  in  the  summary  below  train  wages  are  both  included 
and  excluded. 

193.  Station  and  General  Expenses  and  Taxes. — Taxes  are 
nominally  assumed  at  so  much  per  mile,  and  no  doubt  really  vary  with 
mileage  to  some  extent,  in  fact  as  well  as  in  form.  As  they  are  in  the 
long-run,  however,  based  on  value  and  not  on  cost,  it  can  hardly  be 
proper  to  consider  them  as  varying  with  distance  to  any  important  extent, 
and  unless  a  longer  line  between  two  given  points  increases  the  value  of 
the  property,  they  should  not  increase  with  distance  at  all.  Station, 
terminal,  and  general  expenses  are  of  course  entirely  unaffected  by  any 
small  changes  of  length,  unless  the  volume  of  business  or  nun^ber  ci* 
stations  and  side  tracks  is  also  increased. 

194.  Summing  up  the  effect  of  distance  on  the  various  items 
of  operating  expenses,  as  in  Table  88,  we  obtain  as  a  final  result, 
that  fractional  changes  of  distance  increase  or  decrease  expenses 
by  only  25  to  40  per  cent  of  the  average  cost  of  operating  an 
equal  distance,  according  as  train  wages  are  affected  or  un- 
affected. The  limit  of  possible  variation  or  error  in  this,  as  in 
all  other  such  estimates,  is  no  doubt  a  considerable  percentage, 
but  this  is  unavoidable.  Exactitude  enough  to  make  us  certain 
of  having  avoided  grave  error  and  hopeful  of  having  avoided  all 
error,  is  the  utmost  that  is  possible. 

*  Passenger  trainmen  often  make  much  more  than  this,  frequently  moiling 
6000  or  more  miles  as  a  month's  work. 
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Table  88. 

Estimated   Approximate    Effect   on    Operating    Expenses   of    Minok 

Changes  of  Distances,  Measured  by  Feet  or  Stations,  and  Not  by 

Miles. 

[Cost  of  train-mile  assumed  at  $i.oo.] 


Itbm. 


Fuel 

Water 

Oil  and  waste 

Engine  repairs 

Switching-engines 

Train  wages 

Train  supplies 

Car  repairs 

Car  mileage 

Rail  renewals • 

Adjusting  track 

Tie  renewals 

Earthwork  and  ballast 

Yards  and  structures 

Station,  terminal,  general,  and  taxes.. 


Total, 


Total  Cost 

by 

Table  80. 

Cts.  or  p.  c. 


7.6 
0.4 
0.8 
5.6 
5-2 

14.9 
0.5 

10. o 
2.0 
2.0 
6.0 

3.0 

4.0 

8.0 

30.0 


100. o 


Proportion  of  Same 

Increasing  with 

Distance. 


67  per  cent, 
unaffected. 
50  per  cent. 
40 
unaffected. 

«« 

35  per  cent, 
100 

80 

50 
100 

100 

unaffected. 


II 
II 


i« 


24. 8  per  cent. 


train  wages  vary  exactly  with  distance. 


Cost  of 
Running 

One 
Additional 
Train-Mile. 


5.1 


0.4 
2.2 


3.5 
2.0 

1.6 
3.0 
3.0 
4.0 


24.8 


39-7 


For  more  considerable  changes  of  distance  see  Table  89. 

In  the  first  edition  of  this  treatise  the  cost  of  small  additions  to  distance  was  estimated 

follows : 


Fuel 

Oil,  waste,  and  water 

Repairs  of  engines  and  cars.. 

Train  wages 

Maintenance  of  way 

Station  and  general  expenses 

Total 


Total  Cost  of 

Item  at  ii  Per 

Train-Mile. 


xo  cts. 

3     " 

za   **        ] 

a7   "        I 
30   " 


$x.oo 


Proportion  of  Same 

Increasing  with 

Distance. 


70  per  ct. 
50     " 

70 

unaffected  by  small  I 

changes.  \ 

all  but  yards  and    \ 

structures.         f 

unaffected. 


43  per  ct. 


Costof  Runn*g 

One  Additional 

Mile. 


7  cts. 

X    *• 

X4    " 

30  cts. 

43  cts. 


The  difference  between  this  and  the  above  estimate  is  partly  owing  to  changes  in 
operating  conditions  and  partly  to  more  correct  estimate  of  the  actual  effect  of  slight  ad- 
ditions of  distance.  At  the  time  the  first  edition  of  this  work  was  published  an  estimate 
that  the  cost  of  operating  additional  distance  was  only  about  43  per  cent  of  the  average 
cost  was  something  of  a  novelty,  yet  it  really  was  an  over-estimate. 
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iderable  class  of  expenditures  which  vary  therewith,  re- 
ractically  constant,  as  well  as  (very  frequently)  train 
and  are  not  perceptibly  affected  until  the  change  of 
mounts  to  a  considerable  percentage.  How  much  such 
ELY  SMALL  CHANGES  OF  LENGTH  affect  expenses  wc  shall 
sider. 

Iaintenance  of  Way. — The  entire  cost  of  maintenance  of 
er  (excluding  yards  and  structures)  may,  without  any  serious 
:ion.  be  considered  as  varying  with  changes  of  distance  as  great 
miles;  but  it  is  not  true,  even  of  such  items  as  track  labor  and 
chmen,  that  they  are  appreciably  affected  by  variations  of  a  few 
feet,  or  even,  sometimes,  of  as  much  as  half  a  mile  in  distance. 
Its  from  the  fact  that  the  cost  of  track  labor  is,  and  will  be  still 
he  future,  fixed  by  other  causes  than  the  precise  amount  of  labor 
formed.  It  is  essential  for  safety  that  there  should  be  a  gang  of 
e  enough  to  handle  a  hand-car  and  put  in  a  rail,  every  5  or  6 
id  to  this  end,  in  practice,  the  road  is  di/ided  up  into  an  even 
f  sections  of  about  that  length,  and  a  minimum  number  of  men 
:o  each,  whose  duty  during  a  large  portion  of  the  year  is  simply 
ess  and  "tinkering."  It  is  only  during  a  few  months  in  the 
d  summer  that  the  amount  of  labor  put  upon  the  track  varies 
ith  the  distance. 

ifer,  however,  to  consider  that  all  track  and  road-bed  expenses 
r  per  cent — Table  80)  will  vary  directly  with  distances  large 
>  be  measured  by  miles  or  quarter- miles,  as  they  will  certainly 
:he  distances  become  as  great  as  of  2  or  3  miles ;  but  for  dis* 
a  few  feet  or  stations  there  is  no  reasonable  possibility  that 
IS  than  rail  wear,  tie  renewals,  ballast,  and  fencing  will  increase 
'atio. 

UEL. — A  very  considerable  percentage  of  the  consumption  of 
onstant  wastage  independent  of  the  exact  distance  run.  The 
indling  fires  alone  averages  8  or  10  per  cent  of  the  total,  as 
Table  84.  A  fire-box  full  of  coal  is  wasted  every  time  the  fire 
which  was  formerly  about  every  100  miles  run,  but  is  now,  on 
e  of  a  whole  road,  nearer  to  every  1000  miles,  owing  to  the  in- 
1  of  the  practice  of  banking  fires,  especially  with  the  long-trip 
This  practice  saves  no  fuel,  however,  but  rather  wastes  some, 
age  being  wholly  in  saving  of  time  and  of  injury  to  the  loco 
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C  Partially 

Competitive. 


'5.  Traffic  (usually  exchange  or 
"through")  behveen  non- competitive 
local  points  and  important  railway 
centres  having  a  choice  of  route 
only  at  disadvantage,  by  paying 
a  local  rate  in  addition  to  the 
"through."  This  class  does  not 
exist,  practically,  for  passenger 
service. 

M3«  Out  of  all  these  five  classes  there  is  only  one — viz., 
Class  B,  3;  traffic  confined  to  the  home  road  and  therefore 
purely  local,  but  having  a  choice  of  route  by  some  other  line 
and  therefore  competitive — on  which  a  longer  haul  has  no  effect 
whatever  to  increase  receipts,  but  is  a  pure  disadvantage.  This 
class  is  also,  on  most  roads,  the  smallest  class  of  all,  and  on  very 
many  it  is  entirely  non-existent.  On  others,  however,  as  for  in- 
stance on  a  new  line  between  New  York  and  Philadelphia,  it. 
would  be  the  bulk  of  the  traffic.  It  is  rapidly  increasing  in  im- 
portance, moreover,  from  the  prevalent  tendency  to  consolidate 
lines  into  great  systems,  and  even  when  this  consolidation  is  not 
formal  and  complete,  there  is  often  such  community  of  interest 
from  common  ownership  as  to  amount  to  very  nearly  the  same 
thing. 

Receipts  from  ail  the  other  classes  are  affected  materially  by 
the  distance ;  but  in  different  ways,  which  we  proceed  to  con- 
sider : 

204.  A.  NoN-coMPETiTivE  (Class  I  and  2).  Traffic  between 
Don-competitive  way  points,  whether  these  points  are  on  the 
same  or  different  roads. 

There  is  no  real  need  for  making  a  distinction  between  these 
two  classes  in  respect  to  rates,  the  "through"  being  made 
simply  by  the  addition  of  the  two  local  rates,  and  divided  in  the 
same  proportion. 

This  class  of  traffic,  which  is  what  is  popularly  meant  by 
"'way"  traffic,  is  an  immense  factor  in  the  freight  revenue  of  any 
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c  is  a  certain  portion  of  even  non-competitive  traffic, 
always  be  remembered,  on  which  rates  are  governed 
y  what  it  will  bear,  without  any  reference  to  distance, 
many  roads  a  very  large  proportion,  as  where  there  is 
iburban  traffic ;  yet  in  the  main  tlie  rates  are  nominally 
the  mile  on  all  this  traffic,  and  on  a  certain  large  pro« 
they  are  by  law  or  fixed  custom  actually  so  fixed, 
•re  considering  what  weight  should  be  given  to  these 
estimating  the  value  of  distance  (for  which  see  par.  227) 
consider  the  conditions  which  exist  with  the  three  re- 
\  classes  of  traffic. 

Competitive  traffic,  whether  confined  to  one  line  or  not; 

3,  4,  and  5,  above).     The  total  through  rates  on  all  com- 

traffic  are,  in   nearly    all  cases,  arbitrarily  fixed,  with 

gard  to  the  mileage.     For  this  reason  it  may  appear,  and 

too  readily  taken  for  granted  by  engineers  not  familiar 


Table  90, 

nvi  Magnitude  of  the  Separate  Classes  of  Through  and 
-  Competitive  and  Non-Competitive  Passenger  Traffic  on  the 
UAND,  Columbus,  Cincinnati  &  Indianapolis  Railway. 

Average  of  9  years,  1 873-1881. 

■ay  be  accepted,  in  a  rude  way,  as  not  far  from  the  general  average  of  the  whole 

American  Railway  System.] 


or  THAFFIC   AS 

Subdivided  on  pags  aia. 

Per  Cent  of 
No.  of  Pas- 
sengers. 

Per  Cent 
of  Pass. 
Mileage. 

Per  Cent 
Contributed 
to  Revenue. 

I.  Local  home  road 

71 

5a 

48) 

■petitive 

3.  Local  or  exchange  between 
local   points  in  different 

/^ 

.88 

m" 

6s 

^          roads  

MJ 

• 

taJ 

3.  Local  traffic  between  com- 

ilive  

petitive  termini  (only  par- 

. 

tially  in  this  case) 

4 

48      . 

»3 

a6f39 

4.  Competitive  through 

r  Competitive. 

(Non-existent  in  pass,  service.) 

100 

p  c. 

100  p.  c. 

100 

p.  c. 
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There  is  a  certain  portion  of  even  non-competitive  traffic, 
it  must  always  be  remembered,  on  which  rates  are  governed 
solely  by  what  it  will  bear,  without  any  reference  to  distance, 
and  on  many  roads  a  very  large  proportion,  as  where  there  is 
much  suburban  traffic;  yet  in  the  main  the  rates  are  nominally 
fixed  by  the  mile  on  all  this  traffic,  and  on  a  certain  large  pro- 
portion they  are  by  law  or  fixed  custom  actually  so  fixed. 

Before  considering  what  weight  should  be  given  to  these 
facts  in  estimating  the  value  of  distance  (for  which  see  par.  227) 
we  will  consider  the  conditions  which  exist  with  the  three  re- 
maining classes  of  traffic. 

206.  Competitive  traffic,  whether  confined  to  one  line  or  not; 
(classes  3,  4,  and  5,  above).  The  total  through  rates  on  all  com- 
petitive traffic  are,  in  nearly  all  cases,  arbitrarily  fixed,  with 
little  regard  to  the  mileage.  For  this  reason  it  may  appear,  and 
may  be  too  readily  taken  for  granted  by  engineers  not  familiar 


Table  90, 

Comparative  Magnitude  of  the  Separate  Classes  of  Through  and 
Local  Competitive  and  Non-Competitive  Passenger  Traffic  on  the 
Cleveland,  Columbus,  Cincinnati  &  Indianapolis  Railway. 

Average  of  9  years,  1873-1881. 

(Tbis  taUc  may  be  accepted,  in  a  rude  way,  as  not  far  from  the  general  average  of  the  whole 

American  Railway  System.] 


Class  or  Tkafpic  as  Subdividsd  on  pags  aza. 


4..  Noo-Competitive. 


I.  Local  home  road 

a.  Local  or  exchange  between 
local   points  in  different 

roads  

3.  Local  traffic  between  com- 
petitive termini  (only  par- 
tially in  this  case) 

.  4.  Competitive  through 

C.  Partially  Competitive.     (Non-existent  in  pass,  service.) 


B.  Competitive . 


Per  Cent  of 
No.  of  Pas- 
sengers. 


74 


X4 


88 


:[ 


za 


100  p.  c. 


Per  Cent 
of  Pass. 
Mileage. 


5a      - 


^   ] 


100  p.  c. 


Per  Cent 
Contributed 
to  Revenue. 


48 1 


nJ 


6z 


''I 
a6h* 


100  p.  c. 
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Table  92. 

.TKB.AGK  Train-Load  of  Freight  and  Passengers  in  the  United  States, 

Groups  of  States,  and  on  Trunk  Lines. 

[Computed  from  the  Census  Statistics  of  1880.] 


I.  New  England 

II.  Middle,  with  Md..  Mich.,  Ind 

111.  Southern 

IV.  111.,  la..  Wise..  Mo..  Minn... 

V.  U..  Ark..  Ind.  T 

VI.  Tex..  Kan..  Dak.,  and  Far  W 

Total  United  States , 

Trunk  Lines. 

Boston  &  Albany 

New  York  Central 

N  Y.LErie  &  W 

Pennsylvania 

Balilnaore  &  Ohio 

N.Y..  Penna.  &  O 

NY.,N.  Haven  &  Harif 


Passbncbr  Traffic. 


At.  Train- 
Load. 
No. 


53-3 
44.2 

21.3 

37.1 
18.3 

48.0 


415 


72 
65 
55 
52 
38 
41 
90 


Av.  Haul. 
Miles. 


16  8 

17.4 
44.1 

41.9 
39-8 
44.8 


21. 


Fkbight  Traffic. 


Av.  Train- 
Load. 
Tons. 


90 
163 

55 
122 

61 
95 

129. 


no. 
218. 
211. 

233. 
185.5 
113. 
113. 


At.  Haul 
Miles. 


55.7 
106. 1 

103.7 

1533 
34.6 

166.9 


III. 


with  operating  practices,  that,  for  this  class  of  traffic  at  least,  any 
*<idiiional  distance  must  be  a  pure  disadvantage,  increasing  ex- 
panse, but  not  affecting  revenue.  And  this  is  literally  true  with 
respect  to  such  competitive  traffic  as  begins  and  ends  on  one 
"w,  oron  one  system  of  lines  with  interests  wholly  in  common. 
°"^  in  spite  of  the  present  tendency  to  consolidation,  a  very 
»*''?«  proportion  of  such  traffic  on  all  lines,  and  practically  the 
^nolc  of  it  on  the  smaller  lines,  is  through  freight  proper,  which 
P*^s  over  parts  of  several  lines.  On  all  such  traffic  the  total 
rate  from  shipping  point  to  destination  is  indeed  arbitrarily 
"^^)  without  regard  to  mileage,  and  often  in  fact  in -inverse 
ratio  to  it;  but  of  the  division  of  this  total  rate  between  the  par- 
l^cipating  companies,  which  is  what  practically  concerns  us,  thi* 
"  oy  no  means  the  case. 


V 
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Table  95. 

Comparative  Through  and  Way  Rates,  Lake  Shore  &  Michigan  Soutbun 

Railway. 

(Cents  per  ton-mile.) 


YSAR. 

East-Bound. 

West- Bound. 

TocaL 

Through. 

Way. 

Through. 

Way. 

1868 

1869 

1870...... 

I87I 

1872 

1.56 
1.49 

1. 13 
1. 17 

1. 13 

3.49 
3.68 

2.67 

2.35 
2.04 

2.02 

1.78 

1.53 
1. 18 

1.49 

4.07 
4.05 
2.84 
2.26 
2.01 

a. 43 
2.34 
1.50 

1.39 
1.37 

Comparative  Rates,  taking  Rates  of  1868  as  i.oa 


1868. 
1869. 
1870. 
1871. 
1872. 


1. 00 

.954 
.723 
.750 

.723 


1. 00 
1.055 

.755 

.673 
.685 


1. 00 

.882 

.758 

.585 
.738 


1. 00 
.996 
.698 
.556 
'494 


x.oo 
.96a 
.617 

.57a 
.563 


Since  187a  the  rates  have  not  been  made  public  in  this  form,  for  through  and  way 
separately. 

It  will  be  seen  that  the  non-competitive  way  rates  fall  in  close  sympathy  with  the 
competitive  rates,  and  vary  more  directly  with  each  other  than  the  East4x)uiid  and  WcM- 
bound. 


already  alluded  to  (par.  54),  a  comparison  of  the  course  of 
through  and  local  rates  on  the  Cleveland,  Columbus,  Cincinnati 
&  Indianapolis  Railway  is  given  in  Tables  93  and  94,  and  on 
the  Lake  Shore  &  Michigan  Southern  Railway  in  Table  95,  which 
illustrate  the  fact  very  strikingly.  Few  roads  publish  reports 
from  which  such  statistics  can  be  obtained,  but  the  law  holds 
substantially  true  everywhere. 

219.  From  these  examples  it  takes  no  great  intelligence  to 
perceive  how  inexorable  is  the  law  that  the  line  which  places 
itself  originally  at  any  serious  disadvantage  has  no  escape  from 
the  consequences  of  its  folly  but  to  remedy  those  disadvantages. 


■  .\- 
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Table  95. 

Comparative  Through  and  Way  Rates,  Lake  Shore  &  Michigan  Southirm 

Railway. 

(Cents  per  ton-mile.) 


Ybar. 

East-Bound. 

Wbst-Bound. 

TouL 

Through. 

Way. 

Through. 

Way. 

/868 

1869 

1870...... 

1871 

1872 

1.56 
1.49 
1. 13 
1. 17 
1. 13 

3.49 
3.68 

2.67 

2.35 
2.04 

2.02 

1.78 

1.53 
1. 18 
1.49 

4.07 
4.05 
2.84 
2.26 
2.01 

a. 43 
2.34 

1.50 

1.39 
1.37 

Comparative  Rates,  taking  Rates  of  1868  as  i.oa 


1868. 
1869. 
1870. 
1871. 
1872. 


1. 00 
.954 
.723 
.750 

.723 


1. 00 

1-055 
.755 
.673 
.685 


1. 00 

.882 

.758 

.585 
.738 


1. 00 
.996 
.698 
.556 
•494 


1. 00 
.962 
.617 

.57a 
.563 


Since  1872  the  rates  have  not  been  made  public  in  this  form,  for  through  and  w^ 
separately. 

It  will  be  seen  that  the  non-competitive  way  rates  fall  in  close  sympathy  with  the 
competitive  rates,  and  vary  more  directly  with  each  other  than  the  East-bound  and  Wen- 
bound. 


already  alluded  to  (par.  54),  a  comparison  of  the  course  of 
through  and  local  rates  on  the  Cleveland,  Columbus,  Cincinnati 
&  Indianapolis  Railway  is  given  in  Tables  93  and  94,  and  on 
the  Lake  Shore  &  Michigan  Southern  Railway  in  Table  95,  which 
illustrate  the  fact  very  strikingly.  Few  roads  publish  reports 
from  which  such  statistics  can  be  obtained,  but  the  law  holds 
substantially  true  everywhere. 

219.  From  these  examples  it  takes  no  great  intelligence  to 
perceive  how  inexorable  is  the  law  that  the  line  which  places 
itself  originally  at  any  serious  disadvantage  has  no  escape  from 
the  consequences  of  its  folly  but  to  remedy  those  disadvantages. 
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our  contradictory  law.     Neither  the  New  York  Central  nor  the 

Eric  have  any  interest  whatever  in  sliortening  their  own  lines  (if 

we  consider  the  interests  of  both  as   terminating  at  Buffalo), 

notwithstanding   that  they  suffer  so  much   from  the  fact  that 

ihcy  are  links  in  a  long  route      Thus  the  Erie  now  constitutes 

423-963    of    its    New    York-Chicago    connection    via  the    Lake 

Shore  &  Michigan  Southern  Railway,  and  receives  on  a  15-ton 

car-load  at  a  30-cent  rate  $39.55  out  of  $90,  assuming  the  through 

rate  to  be  divided  according  to  distance  only,  without  arbitrary 

or  terminal  allowances.     If  its  length  were  10  miles  shorter  it 

1    423—10        413     .  ^  ^  ,  . 

would  receive  only— 7^^ or  — -  of  $90,  or  $39.00 — a  loss  of 

963—10        953 

^.55  per  car-load,  which  is  about  three  times  what  would  be  the 

actual  extra  cost  of  hauling  the  car  over  that  extra  distance. 

214.  On  the  other  hand,  if  some  of  its  Western  connections 

were  to  shorten   their  line  ten  miles  the  Erie  would  be  greatly 

benefited;  for  then,  for  the  very  same  service,  it  would   receive 

from  the  Lake  Shore  &  Michigan  Southern  Railway,  for  example, 

— -  instead  of  -7^  of  $00,  or  $39.95  instead  of  $39.55 — an  increase 
953  963 

of  40  cents,  or  about  i  per  cent, /<^r  nothing. 

Spending  money  to  shorten  one's  own  line  for  through  busi- 
ness, therefore,  must,  except  under  peculiar  circumstances,  be 
classed  among  those  charitable  actions  for  which  a  reward  may 
possibly  be  hoped  for  in  the  next  world,  but  hardly  in  this.  The 
only  im(>ortant  exceptions  are  : 

First,  When  a  road  reaches  all  important  points  over  its 
own  lines,  as  the  Pennsylvania  ;  or, 

Secondly,  When  it  is  built  for  other  reasons  than  direct 
profit  to  the  investors,  as  the  Cincinnati  Southern  Railway,  or 
lines  built  by  the  State. 

Even  these  exceptions  are  in  all  cases  only  partial.  There  is 
always  some  credit  side  to  the  disadvantage  of  distance,  whereas 
there  is  never  any  credit  side  to  bad  gradients  or  curvature. 
Bad  curvature  and  gradients  may  indirectly  have  a  credit  side 
to  them,  from  beinir  necessary  to  reach  certain  traffic  points,  but 
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**  through"  which  is  (under  this  definition)  not  local,  but  passes 
over  parts  of  two  or  more  lines,  although  the  total  haul  may  be 
only  a  fev  miles  between  small  non  competitive  stations  ;  where* 
as  '*  local  "  traffic  may  be  hauled  the  entire  length  of  the  road  at 
competitive  rates,  and  be  for  all  practical  purposes  what  is  ordi- 
narily understood  as  **  through"  business. 

202.  Neither  basis  of  division,  therefore,  is  a  particularly 
happy  one  for  accomplishing  the  end  sought,  and  the  reason 
why  neither  can  be  is  easy  to  see.  The  difficulty  is  that  each  of 
them  is  an  attempt  to  include  under  only  two  classifications ,/ftitf 
distinct  classes  of  traffic,  each  one  governed  by  different  laws  t^ 
respects  rates  and  other  business  considerations.  These  claites 
are: 

Non-competitive  local. 

Non-competive  exchange. 

Competitive  local. 

Competitive  exchange. 
P     (5.  Partially  competitive  (i.e.,  competitive  only  with  the 


(  2. 

■■■{'■ 


k.    NON-COMPETITIVE. 

iThe  wbcle  of  it  being  what 
f  ordinarily  referred  to 
by  the  term  *'  local "  traf- 
fic.) 


disadvantage  of  a  local  haul  in  addition). 

More  in  detail,  the  nature  of  these  sub-classifications  are  as 

follows : 

^  I.  Zoca/  or  home  traffic  proper^  having  no 

choice  of  route  and  confined  to 

one  line. 

2.  Exchange  traffic^  or  (by  Massachusetts 
classification)  "through*'  traffic, 
having  no  choice  of  route,  but 
passing  from  one  line  to  another. 
"3.  Local  or  home  traffic^  confined  to  one 
line,  but  having  a  choice  of  an- 
other route  (a  class  >f  traffic  once 
small,  but  rapidly  increasing  with 
the  multiplication  of  railways). 

4.  Exchange  or  ^Uhrough**  trafii .M^iimr^ 
passing  between  the  more  imiKn* 
tant  railway  centres,  and  with  n 
choice  of  two  or  more  routes. 


B.  Competitive. 

ffhe  wholeof  it  being  what 
is  ordinarily  referred  to 
by  the  term  "through 
Uaffic") 
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C  Partially 

Competitive. 


'5.  Traffic  (usually  exchange  or 
"through")  between  non- competitive 
local  points  and  important  railway 
centres  liaving  a  choice  of  route 
only  at  disadvantage,  by  paying 
a  local  rate  in  addition  to  the 
"through."  This  class  does  not 
exist,  practically,  for  passenger 
service. 


203.  Out  of  all  these  five  classes  there  is  only  one — viz., 
Class  B,  3 ;  traffic  confined  to  the  home  road  and  therefore 
purely  local,  but  having  a  choice  of  route  by  some  other  line 
and  therefore  competitive — on  which  a  longer  haul  has  no  effect 
whatever  to  increase  receipts,  but  is  a  pure  disadvantage.  This 
class  is  also,  on  most  roads,  the  smallest  class  of  all,  and  on  very 
many  it  is  entirely  non-existent.  On  others,  however,  as  for  in- 
stance on  a  new  line  between  New  York  and  Philadelphia,  it 
would  be  the  bulk  of  the  traffic.  It  is  rapidly  increasing  in  im- 
portance, moreover,  from  the  prevalent  tendency  to  consolidate 
lines  into  great  systems,  and  even  when  this  consolidation  is  not 
formal  and  complete,  there  is  often  such  community  of  interest 
from  common  ownership  as  to  amount  to  very  nearly  the  same 
thing. 

Receipts  from  ail  the  other  classes  are  affected  materially  by 
the  distance ;  but  in  different  ways,  which  we  proceed  to  con- 
sider : 

204.  A.  Non-competitive  (Class  i  and  2).  Traffic  between 
non-competitive  way  points,  whether  these  points  are  on  the 
same  or  different  roads. 

There  is  no  real  need  for  making  a  distinction  between  these 
two  classes  in  respect  to  rates,  the  "through"  being  made 
simply  by  the  addition  of  the  two  local  rates,  and  divided  in  the 
same  proportion. 

This  class  of  traffic,  which  is  what  is  popularly  meant  by 
•*way"  traffic,  is  an  immense  factor  in  the  freight  revenue  of  any 
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railway,  varying  ordinarily  from  50  to  75  per  cent  of  it;  and 
rarely  falling  below  50  per  cent,  except  on  lines  of  heavy  through 
traffic  running  through  sparsely  settled  districts.  The  old 
Canada  Southern  (now  Michigan  Central)  is  a  peculiar  and  very 
exceptional  example  of  a  line  of  the  latter  character,  its  local 
ton -mileage  having  averaged,  before  its  consolidation,  below  8 
per  cent  of  the  total.  Even  in  this  extreme  case,  however,  its 
revenue  from  local  freight  appears  to  have  been  from  25  to  30 
per  cent  of  the  total.  The  Cleveland,  Columbus,  Cincinnati  & 
Indianapolis  Railway,  which  carries  perhaps  as  small  a  proper* 
tion  of  non-competitive  freight  as  any  other  line  for  which  precise 
statistics  are  available,  and  which  h  certainly  exceeded  in  that 
respect  by  very  few,  derives,  as  an  average  of  9  years  (1873-81), 
36  per  cent  of  its  tonnage,  23  per  cent  of  its  ton-mileage,  and 
about  38  per  cent  of  its  freight  receipts  from  "  local  freight," 
which  in  this  case  includes,  practically,  non-competitive  of  all 
classes.  In  its  passenger  traffic  this  line  enjoys  an  even  larger 
proportion  of  non-competitive  traffic,  being  at  much  less  disad- 
vantage in  that  respect,  and  in  fact  representing  as  nearly  as 
may  be  the  average  condition  of  the  whole  American  railway 
system.  This  is  the  more  fortunate  as  it  is  one  of  the  very  few 
lines  which  give  statistics  of  the  passenger  or  any  other  trafHc 
in  such  form  that  it  can  be  accurately  separated  into  at  least  four 
of  the  five  classes  of  traffic  which  actually  exist,  as  above  speci- 
fied. The  following  Table  90  gives  the  percentage  of  each  of 
these  classes  (omitting  fractions  and  distributing  a  trifiiog  sunt 
for  miscellaneous  receipts)  for  the  average  for  the  9  years  1873- 
1881.  The  table  may  be  accepted  as  giving,  in  a  rough  way, 
about  the  general  average  of  the  whole  American  railway  system 
for  passenger  service. 

205.  Table  91  gives  some  corresponding  details  for  the 
freight  traffic  of  the  same  road,  which  can  hardly  be  accepted  as 
so  representative,  and  in  Table  92  (as  also  in  various  other  tables ; 
— see  Index)  are  given  data  as  to  average  train  loads.  The 
variations  in  such  matters  are  limited  only  by  the  number  of 
roads,  and  are  often  very  great. 


■w 
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There  is  a  certain  portion  of  even  non-competitive  traffic, 
it  must  always  be  remembered,  on  which  rates  are  governed 
solely  by  what  it  will  bear,  without  any  reference  to  distance, 
and  on  many  roads  a  very  large  proportion,  as  where  there  is 
much  suburban  traffic ;  yet  in  the  main  the  rates  are  nominally 
fixed  by  the  mile  on  all  this  traffic,  and  on  a  certain  large  pro- 
portion they  are  by  law  or  fixed  custom  actually  so  fixed. 

Before  considering  what  weight  should  be  given  to  these 
facts  in  estimating  the  value  of  distance  (for  which  see  par.  227) 
we  will  consider  the  conditions  which  exist  with  the  three  re- 
maining classes  of  traffic. 

206.  Competitive  traffic,  whether  confined  to  one  line  or  not; 
(classes  3,  4,  and  5,  above).  The  total  through  rates  on  all  com- 
petitive traffic  are,  in  nearly  all  cases,  arbitrarily  fixed,  with 
little  regard  to  the  mileage.  For  this  reason  it  may  appear,  and 
may  be  too  readily  taken  for  granted  by  engineers  not  familiar 


Table  90. 

Comparative  Magnitude  of  the  Separate  Classes  of  Through  and 
Local  Competitive  and  Non-Competitive  Passenger  Traffic  on  the 
Cleveland,  Columbus,  Cincinnati  &  Indianapolis  Railway. 

Average  of  9  years,  1873-1881. 

[This  table  may  be  accepted,  in  a  rude  way,  as  not  far  from  the  general  average  of  the  whole 

American  Railway  System.] 


Class  op  Traffic  as  Subdivided  on  pack  aia. 


A.  Noo*Competitive. 


I.  Local  home  road 

a.  Local  or  exchange  between 
local   points  in  diflerent 

roads  ... 

3.  Local  traffic  between  com- 
petitive termini  (only  par- 
tially in  this  case) 

.4.  Competitive  through 

C.  Partially  Competitive.     (Non-existent  in  pass,  service.) 


6.  Competitive. 


Per  Cent  of 
No.  of  Pas- 
sengers. 


74 


«4. 


88 


u 


la 


100  p  c. 


Per  Cent 
of  Pass. 
Mileage. 


5a 


.B      I 


100  p.  c. 


Per  Cent 
Contributed 
to  Revenue. 


48 


«3J 


61 


a6f3» 


100  p.  c. 
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,     'S3 

a:- 7 
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1     3SS 
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84.3 
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16C.S 
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Table  92. 

Average  Train-Load  of  Freight  and  Passengers  in  the  United  States, 

Groups  of  States,  and  on  Trunk  Lines. 

[Computed  from  the  Census  Statistics  of  1880.] 


L  New  England 

H.  Middle,  with  Md.,  Mich.,  Ind 

IIL  Southern 

IV.  III.,  la.,  Wise,  Mo.,  Minn... 

V.  U..  Ark.,  Ind.  T 

VI.  Tex.,  Kan..  Dak.,  and  Far  W 

Total  United  States , 

Trunk  Lines. 

Boston  &  Albany. 

New  York  Central 

N.  Y.,  L.  Erie  &  W 

Pennsylvania , 

Baltimore  &  Ohio 

N.  Y.,  Pcnna.  &  O 

N.  Y.,  N.  Haven  &  Hartf 


Passbngbr  Traffic. 


Ay.  Train- 
Load. 
No. 


53-3 
44.2 

21.3 

37.1 
18.3 
48.0 


41.5 


7a. 

65. 

55. 
52.4 

38. 

41. 
90. 


Av.  Haul. 
Miles. 


16  8 

17.4 
44.1 
41.9 
39-8 
44.8 


21. 


FaaicHT  Traffic. 


Av.  Train- 
Load. 
Tons. 


90 
163 

55 
122 

61 
95 

129, 


no. 
218. 
211. 

233. 
185.5 
"3. 
113. 


At.  Haul 

Miles. 


55.7 
106. 1 

103.7 

153.3 

34-6 

166.9 


III. 


with  operating  practices,  that,  for  this  class  of  traffic  at  least,  any 
additional  distance  must  be  a  pure  disadvantage,  increasing  ex- 
pense, but  not  affecting  revenue.  And  this  is  literally  true  with 
respect  to  such  competitive  traffic  as  begins  and  ends  on  one 
line,  or  on  one  system  of  lines  with  interests  wholly  in  common. 
But,  in  spite  of  the  present  tendency  to  consolidation,  a  very 
large  proportion  of  such  traffic  on  all  lines,  and  practically  the 
whole  of  it  on  the  smaller  lines,  is  through  freight  proper,  which 
passes  over  parts  of  several  lines.  On  all  such  traffic  the  total 
rate  from  shipping  point  to  destination  is  indeed  arbitrarily 
fixed,  without  regard  to  mileage,  and  often  in  fact  in  -inverse 
ratio  to  it;  but  of  the  division  of  this  total  rate  between  the  par- 
ticipating companies,  which  is  what  practically  concerns  us,  thi» 
is  by  no  means  the  case. 
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207.  The  division  in  all  such  cases  is  by  a  percentage  which  is 
regulated  strictly  in  accordance  with  the  relative  distance  hauled, 
although  not  necessarily  in  direct  ratio  to  tliat  distance  ;  for 
there  are  frequently  "  Arbitraries"  of  various  kinds,  and  granted 
for  various  reasons,  as  for  terminal  expenses,  to  be  first  deducted 
before  the  final  division  or  percentage  is  distributed  according 
to  mileage. 

208.  So,  too,  it  is  not  uncommon  for  some  line  to  have  some 
strategic  advantage  of  another,  so  that  it  can  exact  from  it  cer- 
tain special  concessions,  in  excess  of  its  exact  mileage  propor- 
tion, such  as  allowances  for  "  constructive  mileage,"  etc.,  etc. 

The  Erie  Railway  formerly  had  a  great  strategic  advantage  of  this  kind  over 
the  old  Atlantic  &  Great  Western  Railway  (New  York,  Pennsylvania  &  Ohio), 
ihe  nature  and  effect  of  which  we  shall  shortly  see  (par.  216). 

209.  Again,  when  shipments  are  for  extremely  long  dis- 
tances they  are  quite  frequently  subject  not  to  one,  but  to  the 
sum  of  two  competitive  rates,  and  the  total  is  divided  accord- 
ingly. All  freight  passing  through  Chicago  is  a  remarkable 
example  of  this.  It  is  not  common  to  make  rates  past  Chicago 
to  points  on  either  side  otherwise  than  by  adding  the  two 
Chicago  rates  (which  latter  is  very  common),  except  when,  as  to 
*' Missouri  River  points,*'  special  circumstances  make  it  abso- 
lutely unavoidable.  The  tendency  to  make  Chicago  a  terminal 
point  for  competition  and  start  afresh  from  there,  is  strong. 

There  are  sonne  apparent  partial  exceptions  to  this  rule,  but  they  are  bardlf 
real  ones.  Thus  in  1886,  after  considerable  controversy  and  irregalarity, 
rates  from  New  York  to  *'  Mississippi  River  points/'  including  a  large  number 
of  points  north  of  St  Louis,  were  by  agreement  adjusted  at  the  fixed  rate  of  116 
for  100  to  Chicago.  This  was  then  divided  between  the  lines  east  and  west 
of  Chicago  (there  being  half  a  dozen  or  more  lines  interested  on  each  sideX  bj 
assuming  the  distance  for  all  lines  to  be  220  miles  west  of  Chicago  and  970 
miles  east,  these  being  about  the  average  of  the  actual  distances,  which  of 
course  varied  with  each  road.  The  total  late  was  then  divkUd  In  exact  proppr- 
tion  (as  nearly  as  might  be)  to  these  distances,  vis.,  i8i  per  cent  west  and  %\\ 
per  cent  east  of  Chicago.  Exactly  these  divisions  wookl  have  been  18487  aad 
81.513,  so  that  ttie  rate  on  ais  mile  of  hanl  west  of  Cliicago  was  given  away  lo 
the  lines  east  to  ol>tain  a  nmnd-niimliered  percentage. 
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In  IhU  ezcepiional  instance  Ihe  general  rule  that  through  competitive  rales 
•re  regardless  of  distance  is  extended  likewise  to  a  first  division  of  those  rales 
into  two  parts.  What  Ihc  arrangemenl  really  means,  however,  is  that,  allhough 
a  common  aggregate  rate  to  the  Mississippi  River  points  nas  desirable  in  Ihe 
interest  of  peace  and  good-will,  yet  the  distance  was  so  great  and  the  conflict- 
ing interests  so  multifarious  thai  it  was  more  convenient  10  regard  Ihls  rale  as 
made  up  of  two  separate  and  distinct  through  rates,  than  to  regard  it  as  a  single 
through  rate  to  be  divided  in  the  usual  manner. 

Compacts  of  this  kind  may  increase,  but  al  present  they  are  loo  exceptional 
to  merit  more  than  passing  notice. 

As  one  example  of  "  arbitrary"  allowances,  a  large  part  of  the  business  from 
and  to  local  points  near  large  cities  really  comes  under  Ihe  head  of  through 
traffic  ;  the  through  rates  from  Ihe  West  10  points  within  a  hundred  miles  more 
or  less,  of  New  York,  for  instance,  being  usually  made  the  same  as  to  New 
York,  and  divided  as  if  the  freight  or  passengers  were  actually  taken  to  and 
delivered  there. 

In  such  case  the  division  is  not  exactly  as  the  mileage,  bul  it  is  the  same  in 
its  effect  upon  the  receipts  of  the  connecting  lines  as  if  it  were. 

410.  Certain  considerable  allowances  for  terminal  charges  at 
points  wliere  such  charges  are  heavy  are  very  commonly  and 
very  justly  deducted  from  the  through  rate  before  the  latter  is 
distributed,  as  notably  at  New  York,  where  the  terminal  allow- 
ances are  very  heavy  (4  to  5  cents  per  100  lbs.),  although  hardly 
enough  to  cover  the  direct  and  indirect  expense  to  the  terminal 
road. 

In  fact  the  variations  and  exceptions  in  the  fixing  and  division 
of  rates  are  endless,  but  through  them  all  the  general  law  holds 
good  that  all  "through"  rates  between  connecting  lines  are 
divided  precisely  according  to  the  actual  mileage,  and  to  a  very 
lai^e  extent  directly  as  the  mileage. 

311.  These  facts  result  in  a  curious  and  apparently  contradic- 
tory law,  as  respects  the  through  traffic  of  a  new  or  old  road, 
which  it  may  be  highly  important  that  the  engineer  should 
understand.    That  law  may  be  thus  expressed  : 

I.  It  is  bxtreuely  de  irablk  that  any  kew  line  shotjld 

rOBM    A    PART    OP    TBI   SHORTEST    ROUTES    BETWEEN     IMPORTANT 
AND  OPTSN  THE  REVERSE  OP  DESIRABLE, 
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THAT  IT  SHOULD  MAKE  ANY  EFFORT  TO  BRING  ABOUT  THIS  RESULT, 

EXCEPT  IN  SELECTING  ITS  CONNECTIONS. 

The  reason  for  each  iialf  of  tliis  law  is  not  difficuh  to  see. 

212.  As  respects  the  first  part  of  it : 

The  through  rate  being  altogether  independent  of  distance, 
the  receipts  per  ton-mile  or  per  passenger- mile  on  competitive 
traffic  will  be  the  greater  the  shorter  the  line  is — a  consideration 
plainly  of  immense  importance. 

We  may  see  a  striking  proof  of  this  by  comparing  the  New 
York  Central,  Erie,  and  Pennsylvania  lines.  The  operating  ex- 
penses of  the  Central  and  Erie,  as  shown  in  Tables  37  and  76, 
average  continually  a  much  heavier  percentage  of  their  receipts 
than  on  the  Pennsylvania,  yet  they  are  operated  with  substantially 
equal  efficiency — at  least  there  is  far  less  difference  than  super- 
ficial observers  often  conclude  from  this  very  fact.  The  true 
cause  of  it  (with  which  other  causes  may  co-operate,  but  only  to  a 
minor  extent)  is  simply  this  :  that  the  Pennsylvania  has  the  short- 
est line  from  almost  every  point  in  the  West  to  New  York  and 
Philadelphia,  and  hence  its  receipts  per  mile — from  the  same 
through  rates — are  unavoidably  materially  larger  than  the  Cen- 
tral's or  Erie's.  This  fact,  however,  does  not  show  so  much  as 
it  otherwise  would  in  the  average  receipts  per  ton-mile  of  these 
roads,  as  published,  simply  because  the  Central  and  in  less 
degree  the  Erie  have  an  immense  local  business,  which  both  pays 
more  and  costs  more,  thus  bringing  up  the  average  receipts  ;  but 
the  through  business  proper  leaves,  and  must  continue  to  leave, 
a  very  small  margin  per  mile  to  both  lines  compared  with  what 
the  Pennsylvania  obtains.  No  ingenuity  or  skill  will  ever  be 
able  to  materially  decrease  the  large  percentage  of  advantage 
for  through  business  which  its  geographical  position  gives  to  the 
latter  road ;  because  the  total  through  rate  will  always  be  the 
same  by  all  competing  lines,  and  the  long  lines  must  conse- 
quently forever  suffer  in  receipts  per  mile,  unless  causes  not 
now  possible  to  foresee  shall  change  the  conditions. 

213.  But  notwithstanding  this  fact,  we  have  in  these  same 
roads  a  striking  illustration  of  the  truth  of  the  second  half  of 
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our  contradictory  law.  Neither  the  New  York  Central  nor  the 
Erie  have  any  interest  whatever  in  sliortening  their  own  lines  (if 
we  consider  the  interests  of  both  as  terminating  at  Buffalo), 
notwithstanding  that  they  suffer  so  much  from  the  fact  that 
they  are  links  in  a  long  route  Thus  the  Erie  now  constitutes 
423-963  of  its  New  York-Chicago  connection  via  the  Lake 
Shore  &  Michigan  Southern  Railway,  and  receives  on  a  15-ton 
car-load  at  a  30-cent  rate  $39.55  out  of  $90,  assuming  tlie  through 
rate  to  be  divided  according  to  distance  only,  without  arbitrary 
or  terminal  allowances.     If  its  length  were  10  miles  shorter  it 

would  receive  only  -7^ or  — -  of  $90,  or  $39.00 — a  loss  of 

963—10        953 

$0.55  per  car-load,  which  is  about  three  times  what  would  be  the 

actual  extra  cost  of  hauling  the  car  over  that  extra  distance. 

214i  On  the  other  hand,  if  some  of  its  Western  connections 

were  to  shorten    their  line  ten  miles  the  Erie  would  be  greatly 

benefited;  for  then,  for  the  very  same  service,  it  would   receive 

from  the  Lake  Shore  &  Michigan  Southern  Railway,  for  example, 

^21  A.  2^ 

— -  instead  of  —7^  of  $90,  or  $39.95  instead  of  $39.55 — an  increase 
953  903 

of  40  cents,  or  about  i  per  ctnt^/or  nothing. 

Spending  money  to  shorten  one's  own  line  for  through  busi- 
ness, therefore,  must,  except  under  peculiar  circumstances,  be 
classed  among  those  charitable  actions  for  which  a  reward  may 
possibly  be  hoped  for  in  the  next  world,  but  hardly  in  this.  The 
only  important  exceptions  are  : 

First,  When  a  road  reaches  all  important  points  over  its 
own  lines,  as  the  Pennsylvania  ;  or. 

Secondly,  When  it  is  built  for  other  reasons  than  direct 
profit  to  the  investors,  as  the  Cincinnati  Southern  Railway,  or 
lines  built  by  the  State. 

Even  these  exceptions  are  in  all  cases  only  partial.  There  is 
always  some  credit  side  to  the  disadvantage  of  distance,  whereas 
there  is  never  any  credit  side  to  bad  gradients  or  curvature. 
Bad  curvature  and  gradients  may  indirectly  have  a  credit  side 
to  them,  from  bein>r  necessarv  to  reach  certain  traffic  points,  but 
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in  themselves  they  are  wholly  harmful,  whereas  extra  distance 
is  noL 

219.  A  notable  example  of  these  antithetic  effects  of  distance, 
and  of  the  danger  of  disregarding  them,  may  be  found,  among 
many  others,  in  the  old  Atlantic  &  Great  Western  (now  New 
York,  Pennsylvania  &  Ohio)  Railroad.  It  enjoys  the  unique  dis- 
tinction of  being  now,  as  it  was  when  first  built,  the  longest  line 
in  existence  even  between  its  three  termini— New  York  in  the 
East,  Cincinnati  and  Cleveland  in  the  WesL  It  has  always  two, 
and  generally  three  or  four,  more  favored  rivals  between  each 
considerable  point  in  the  East  and  every  considerable  point  in 
the  West.  Yet  even  in  this  extreme  case,  if  its  own  line  had 
been  ten  miles  longer  between  Cleveland  and  Cincinnati  and 
New  York  it  would  have  been  better  off.     It  would  then  have 

received  |22  or  46  per  cent  (sec  par.  aao)  instead  of  i|^or45 
per  cent  on  all  Cincinnati  and  New  York  business,  and  -t-=  or 

York  business,  assuming  in  both  cases  that  receipts  were  divided 
strictly  according  to  distance. 

216,  As  it  happens,  this  is,  or  was  until  within  a  few  years  (the 
old  Atlantic  &  Great  Western  is  row  leased  to  the  Eric),  one  of 
the  cases  in  which  the  division  was  not  strictly  as  the  distance ; 
the  Erie  Railway  having  formerly  insisted  on  being  allowed  a 
CONSTRUCTIVE  MILEAGE  of  46  miles  from  the  junction  point  at 
Salamanca  to  its  terminus  and  junction  with  the  Lake  Shore  & 
Michigan  Southern  Railway  at  Dunkirk:  an  unjust  exaction, 
which  it  had  power  to  enforce  because  it  was  the  only  easten 
connection  of  the  Atlantic  &  Great  Western.  Whereas,  there- 
fore, a  division  exactly  according  to  distance  would  have  given 

the  Erie  on  Cleveland-New  Yorlc 
aad  the  Atlantic  &  G 
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division  was  ,       .     ,  or  4 —  (68  per  cent)  to  tile  Erie  and  only 
'27  +  4'        '73*      "^  '  ' 

'73' 

less,  in  this  as  in  all  other  cases  divisions  were  ultimately  based 

upon,  although  not  in  strict  accordance  with,  the  precise  relative 

hauls. 

317.  From  this  example  the  over-hasty  conclusion  should  not 
by  any  means  be  drawn,  that  a  road  should  lengthen  its  line  of 
set  purpose,  for  this  end  alone,  for  that  would  probably  lead  to 
acts  of  folly  ;  but  it  does  clearly  follow  that  whenever  a  better 
line  in  all  other  respects  can  be  thus  obtained  it  will  ordinarily 
be  folly  not  to  take  it.     As  it  happens,  such  lines  did  exist  at 
several  points  along  the  Atlantic  &  Great  Western,  affording 
better  grades,  more  traffic,  and  cheaper  work,  at  the  cost  of  some 
distance;  but  unfortunately  the  original  projectors  sinned  against 
both  of  the  cardifial  principles  laid  down  in  par.  3ii :  they  ne- 
glected the  vital  end  of  securing  short  and  favorable  connections, 
but  exerted  themselves  to  shorten  their  own  road  by  striking  an 
air-line  wherever  possible,  at  almost  any  sacrifice  of  gradients  ; 
running  it,  in  literal  truth,  "over  the  hills  and  far  away"  from 
traffic.     The  consequences  of  such  engineering  may  be  read  :j 
the  financial  history  of  the  road — a  history  which  might  have 
been  anticipated  with  certainty  in  the  beginning,  and  may  be 
counted  on  with  certainty  to  continue  to  the  end.     It  has  now 
found  its  greatest  and  only  real  use  as  a  feeder  and  competing 
weapon  in  the  hands  of  the  Erie,  but  considered  as  a  separate 
property,  apart  from  one  or  two  profitable  leases  which  have 
alone  kept  it  in  as  good  a  position  as  it  has  had  (see  Chap.  XXI.), 
it  can  never  by  possibility  more  than   barely  pay  operating  ex- 
■iod  of  years  ;  for,  however  great  may  be  the 
and  however  great  the  future  improvements 
expenses,  other  lines  also  share  these  advan- 
1  rates  will  continue  to  fall  in  proportion,  down 
t  which  affords  Ihe  most  favored  line  a.  handsome 
profit,  and  way  rates  likewise  will  continue  to 
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\im\\  \n  proportion  down  to  a  reasonable  but  not  czccssirc  per- 
*^.t\XH%r.  (fjftually  from  50  to  75  per  cent)  in  excess  of  the  through 
/omprtiiivc  rates. 

2\%*  In  a  certain  important  sense,  indeed,  we  may  saj  that  alK 
r«f^4  ar^  fixed  by  competition,  for  the  fact  that  non-com peii tire 
w;iy  rikif.%  do  iidjust  themselves  quite  closely  to  the  through  rates 
\%  w/*!!  determined.     In  illustration  of  this  fact,  which  has  been 
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%'thi\%'x\t.%  or  Pamrngrr  Traffic,  Clrvrland,  Columbus,  CiKcnnrATi  h, 

Inhianafolis  Railway,  1873-1885. 


YliAff, 


IH71 

71 

iHy, 

1H7/1  . . , . 

77  ... 
7H 

v; 

iHHfi 

iHHl 

N'4 . .  .  .  , 

H» 

H| 

IHH5 


l^ocAi,  Pam. 


Av.  Usui. 
Mile*. 


2r;.H 
27. H 

27.1 

3H  .3 
27.1; 

27-3 
2H.6 

2«rS 
27.6 
2H.7 

.V>-5 
2H.(; 


Rccu. 

I'er  Mile. 

Ctt. 


3.47 

2.83 
2.63 

2.48 

2.41 

2.42 
2.46 

2.39 

2.51 

2.iyo 

2  51 

2.47 

2.57 


Throvck  Pass. 


At.  Haul. 
Miles. 


198 

185 

188 

192 

183 

182 
186 

193 

184 

115 

121 
118 

121 


Rccts. 

Per  Mile. 

Cts. 


2.53 
2.55 


2.38 


I. $9 
2.24 
2.10 
1.82 


1.82 


1-77 

1.78 

1. 81 
1.73 


1. 61 


Percent 
of 


73.0 
90.0 


90.5 


76.2 

93.0 
86.8 

73.9 


76.1 


70.5 
68.6 
72.0 
70.0 


62.6 


DccirAMc  {Nsr  cent  in  through  rate  in  la  years,  36.4  per  oent. 

'•local         •*         **      ••     25.9 


II 


II 


li 


Summary  of  Average  Decrease  from  Average  of  1873-5  *o  Average  tf/1878-81. 


3  y'n».  »873-75,    .97Q  ct. 


rkr^Hgh  Friight...  \  ^  y,„^  lij^i,    .593 


A  i1«»rr#iMie  of 386ct. 

Or,  In  |)crGentsirc 39Hp-c. 

3  y'rs,  1873-75.  ••487  cu. 


(3  y  ™.  ««»73-75.  •407 
rkr4mgk  Prnttfrnger^  ^  y,^  ,g^^,^  ,8^, 


II 


A<1fcrtMtof 0.686  cL 

Ofi  In  iMKtttttgt.... •iHP'  c. 


3  y'ra,  1873-7S,  t.766cis. 
1.157  •• 


A  decrease  of 

Or,  in  percenuge 3«Mp>c 

(3  y  «.  «879-t«,  "-fSS 

A  decrease  of 

Or,  in  percentage. 
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Table  94. 

Statistics  of  Freight  Traffic,  Cleveland,  Columbus,  Cincinnati  & 

Indianapolis  Railway,  1873-1885. 

Through  Freight, 


Bast-Bound. 

Wbst-Bound. 

Per 

Cent 

West- 

Bound. 

Per 

Cent 

Through. 

Average 
Receipu 

Per 
Ton-Mile. 

cts. 

Tbab. 

Average 
HauT 
MUes. 

Receipts 

Per 
Ton-Mile. 

cu. 

Average 
Haul. 
Miles. 

Receipts 

Per 
Ton-Mile. 

cts. 

1873 

191 
215 

1. 14 
•92 

205 
214 

134 
1.24 

233 
26.2 

62.5 
59  2 

1. 175 
•984 

74 

187s 

195 

.75 

223 

.86 

28.7 

59.4 

•778 

«v/^..««..... 

76 

215 
202 
208 
203 

.64 
.67 

.57 
.52 

231 
223 
221 

217 

.68 
.88 

•84 
.73 

26.8 
26.2 
22.7 
26.2 

64.7 
64.8 
67.4 
67.6 

.650 
.716 
.613 
.565 

yv. .■...••. 

77 

78 

/v... ...... 

7Q 

/v 

1880 . 

195 

.66 

212 

.73 

28.2 

64.2 

.681 

81 

193 
184 
185 
202 

.50 

.59 
.62 

.50 

211 
200 
202 
206 

.60 
.61 

•71 
.59 

35.2 

35-4 
35.6 

37.4 

64.9 
68.9 
65.1 
64.9 

•532 

•591 
.652 

•525 

82 

83 

84 

**•?.  «•.•...• 

1885 

199 

.44 

207 

.51 

36.7 

68.0 

.463 

•""J ......... 

Local  Freight. 


E  AST-Bound. 

Wbst-Bound. 

Average 
Receipts 

Per 
Ton-Mile. 

cts. 

Pbr  Cbnt  Through 
OF  Local  Ratb. 

Tbar. 

Average 
Haul. 
Miles. 

Receipts 

Per 
Ton-Mile. 

cts. 

Average 
HauK 
Miles. 

Receipts 
Per 

Ton-Mile, 
cts. 

East- 

Bound 

only. 

Toul. 

l87'» 

119 
120 

1.82 
1.65 

98 
93 

2.09 
2.08 

1.899 
1.776 

62^*7 

61.9 

55.4 

74 

•   • 

■   • 

1875 

108 

1.58 

109 

1.68 

1.622 

47 

.5 

48.0 

76 

106 
108 
1x6 

115 

1.42 
1.48 

1. 15 
1.15 

107 
102 

98 
100 

1.44 
1.64 
1. 61 

1.34 

1.429 

1.538 

1.303 
1. 215 

•  • 

•  •  ( 

•  •  1 

•  •  \ 

>  • 
»  • 
»  • 

>  • 

45.5 
46.6 

47.0 

77 

78 

79 

46.5 

1880 

132 

1. 00 

108 

1.34 

I. IIO 

66 

.0 

61.3 

81 

105 
97 

lOI 

95 

I.IO 

1. 17 

1. 12 
1. 14 

112 
IIO 

"7 
120 

1.20 

1. 18 

1.03 

.91 

1. 146 
1. 176 

1.079 

1. 018 

•  •  1 

•  • 

•  •  1 

1  • 

46.4 

82 

50.3 

'83  

84 

60.3 
51.6 

***♦ ......... 

1885 

96 

1.08 

116 

•99 

1.039 

40 

.8 

44.5 

Per  Cent  of  Decrease,  1873- 1 885. 

East-bound.  West-bound.  Av>. 
Throagh  rates.  .61.4  62 .  o  60 . 7 
Local  rates  ....  40.7        52.7        45.3 

15 


Per  Cent  of  Decrease,  1875-1885. 

East-bound.  West-bound.  Av*e. 
Through  rates  .  41.3  40.7  39.5 
Local  rates  ... .  31.6        41.0        35.9 
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COMFAKATIVI  THROUCH  A 


¥m*ii 

Bast-Bouhd. 

W«T.B00M». 

T«a 

ThrouBh. 

w,r. 

Ttaroucb. 

War. 

(868 

■869 

1870 

'|7' 

■873 

1.56 
1. 49 
1.13 
1. 17 
I-I3 

'4' 

1.67 

a. 35 
3.04 

i!76 

1.49 

4.07 

a. 43 
a. 34 
1.50 
1-39 
>.37 

Comparative  Rates,  t 


Since  187a  the  rates  have  not  been  made  public  in  Ihii  form,  for  OiniiiBli  and  w«f 
Kparatelf. 

It  will  be  seen  that  the  Doa-competitive  wa^  rales  fall  In  dose  lynqath;  with  the 
competilive  rates,  and  varf  more  diiectlj  with  each  other  than  the  E      ~ 


already  alluded  to  (par.  54),  a  comparison  of  the  course  of 
through  and  local  rates  on  the  Cleveland,  Columbus,  Cincianati 
&  Indianapolis  Railway  is  given  in  Tables  93  and  94,  and  on 
the  Lake  Shore  &  Michigan  Southern  Railway  in  Tabic  95,  which 
illustrate  the  fact  very  strikingly.  Few  roads  pu 
from  which  such  statistics  can  be  obtained,  but  t 
substantially  true  everywhere. 

219.  From  these  examples  it  takes  no  great  ii 
perceive  how  inexorable  is  the  law  that  the  line 
itself  originally  at  any  serious  disadvantage  has  n( 
the  consequences  of  its  folly  but  to  remedy  those  d 
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advantages  from  the  general  progress  in  wealth  and 
n  and  science  do  not  help  it  at  all,  since  all  lines  share 
lem.  They  simply  enable  it  to  hold  its  own,  and  '*  its 
othing  but  bare  existence.  We  have  in  many  such 
articularly  in  the  line  last  referred  to,  a  striking  evi- 
low  completely  an  enormous  investment  may  be  thrown 
ly  and  only  from  bad  engineering  advice. 

may  be  added,  that  the  through  rate  is  nearly  always 
f  some  even  percentage,  and  consequently  trifling  dif- 
re  not  likely  to  afifect  the  division  either  way.     Thus  a 

ed  by  its  exact  mileaire  to  receive  either  -^^  or — - 

""  ^  lOOO  lOOO 

»bably  receive  40  per  cent.     If  its  length  entitled  it  to 

►uld  probably  receive  41  per  cent.     The  fractional  per- 

are  sometimes  insisted  on  by  the  line  which  happens 
e  stronger  position,  but  usually  any  advantage  of  that 
s  the  form   of  some  terminal  or  arbitrary  allowance 

a  modification  of  the  percentage. 

nee  the  receipts  of  any  one  road  from  competitive  ex- 
aflfic  vary  (i)  with  the  total  haul  on  each  unit  of  traffic, 
ith   the  proportion  thereof  on  the  home  and  foreign 

effect  of  any  given  change  in  the  length  of  the  home 
3e  different  on  traffic  between  all  possible  traffic  points, 
an  be  done,  therefore  (or*  all  that  is  in  the  least  neces- 
•),  is  to  form  some  rude  idea  of  the  centre  of  gravity 
ial  and  terminal  points  of  shipment  at  eacli  end  of  the 
h  will  often  be  quite  different  for  different  parts  of  the 


I  in  soch  estimates  is  unimportant,  because  the  future  is  almost  cer- 
I  about  great  changes,  and  perhaps  very  speedily.  But  when  two  al- 
I  are  under  comparison  in  other  respects,  the  approximate  effect  of 
Qces  in  this  respect  also  should  be  determined,  with  a  view  of  seeing 
y  strengthen  or  weaken,  or  utterly  nullify,  the  conclusions  that  would 
c  reached.  That  they  do  the  latter,  so  as  to  in  themselves  alone 
election  of  one  route  instead  of  another,  should  be  admitted  only 
nost  caution. 
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222.  The  effect  on  the  receipts  of  the  home  road  from 
through  competitive  traffic  of  an  increase  in  its  own  length  only, 
the  haul  on  its  connections  remaining  unchanged,  may  be  stated, 
with  adequate  exactness,  in  this  very  simple  way: 

The  interpolation  of  additional  distance  by  the  adoption  of  a 
longer  alternate  line  between  the  same  termini  will,  for  all  ordi- 
nary and  moderate  changes  of  length  (under  20  or  25  per  cent 
of  home  haul),  leave  the  earnings  per  mile  of  the  original 
(shorter)  line  unchanged,  and  enable  the  home  road  to  earn  on 
its  extra  mileage  as  large  a  percentage  of  the  average  per  mile  on  the. 
shorter  line  as  the  percentage  of  the  foreign  haul  to  the  total  haul. 
This  law  holds  essentially  true,  regardless  of  the  amount  of  the 
added  mileage. 

For  example,  on  traffic  which  has  70  per  cent  foreign  haul, 
if  the  home  road  were  longer  it  would  receive  out  of  its  added 
proportion  of  through  competitive  freight  enough  to  earn  70  per 
cent  as  much  per  mile  on  the  added  mileage  as  on  the  original 
mileage,  the  earnings  on  the  latter  remaining  unchanged. 

223.  To  put  the  rule  in  another  and  shorter  way:  With 
through  competitive  traffic — 

The  per  cent  of  home  haul  in  the  total  haul  +  the  \  =  100  p.  c. 
per  cent  of  average  earnings  per  mile  realized  v  (always  alit- 
by  home  road  by  extra  mileage )      tie  less). 

The  maximum  and  minimum  "limits"  to  this  rule  are: 
I.  When  the  home  road  has  100  per  cent  of  the  haul  it  rea- 
lizes o  per  cent,  or  nothing,  on  any  extra  haul. 

3.  When  the  home  road  has  originally  o  per  cent  of  the  haul 
the  gain  to  its  receipts  from  any  haul  it  may  gain  is  100  per  cent 
of  the  average  rate  per  mile. 

224.  A  simple  geometric  demonstration  of  this  law  is  given 
in  Figs.  7  to  12,  with  their  accompanying  explanation.  The  law 
is  only  approximate,  and  for  very  great  changes  of  length  be- 
comes materially  in  error;  but  the  largest  probable  differences. 
which  can  come  under  the  consideration  of  the  engineer  are 
from  10  to  25  per  cent  in  the  home  haul,  and  for  such  differ* 
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tQces  the  law  is  sufficiently  exact,  as  is  evident  in  Table  96, 
which  gives  the  exact  effect  on  receipts  of  modifications  of  10 
^d  20  per  cent  in  the  home  haul. 


Table  96. 

inter  OP  Changes  of  Distance  on  Earnings  from  Through  (Exchange) 

Competitive  Traffic. 


Ghri^tbe 


effect,  Mnd  illustrating  the  essential  truth  of  and  amount  of  error  in  the 
approximate  rule  in  paragraph  233. 


Effect  of  10  per  cent  Increase  of  Distance, 

FcrCcstof 

Per  Cent  of 

Sum  of 

Oranoal 
TettTllaal 

Receipts  of 
HomeRoMl 

If  the  H^mt  Road 
were  Ten  Per  Cent  longer  iu 

extra  Receipts 
on 

Percentages 
in  First 

MtlM 

out  of  $1.00 

Receipts  would  be— 

extra  Haul 

and  Last 

aoiKRoMl. 

Rate. 

to  Average. 

Columns. 

10 

ID  CtS. 

tV^  X  $1.00  =    10.891 

89.1 

99.1 

SO 

20  •• 

^x  1.00=  21.57 

78.5 

98.5 

30 

30" 

^  X    i.oo  =    32.04 

68.0 

98.0 

40 

40  •• 

A\  X    I  00  -    42.31 

57.8 

97.8 

50 

50  •• 

^  X    1.00  =    52.38 

47.6 

97.6 

60 

60  •• 

^^  X    I  00  =    62.26 

37-7 

97.7 

70 

70  " 

tV^X    100=    7196 

28.0 

98.0 

80 

80  *• 

T«ftX      1.00=      8148 

18.5 

98.5 

90 

90  •• 

^•j  X    1.00  =    90.83 
fU  X    I.oo  =10000 

9.0 

99.0 

100 

100  '* 

None. 

100. 0 

Effect 

of  20  per  cent  Increase  of  Distance, 

10 

10  CtS. 

iVkX$i.oo=    11.765 

88.2 

98.2 

90 

20  •* 

^X    100=    2307 

76.8 

96.8 

30 

30  •' 

M  X    I  00  =    33  96 

66.0 

96.0 

40 

40  •• 

T^  X    I.oo  =    44.44 

55.5 

95.5 

$0 

50  •• 

^x  1.00=  54.545 

45.5 

95-4 

60 

60  •• 

T^j^x    1.00=    64.284 

35.7 

95-7 

70 

70  " 

^  X    1.00  =    73.68 

26.3 

96.3 

So 

80  •* 

0^  X    100=    82.80 

17.5 

97.5 

90 

90  •' 

11 X    1.00=    91.53 

8.5 

98.5 

100 

100  •• 

<  4t  X    I.oo  =  100.00 

None. 

100. 0 
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Fics.  7  TO  IS,  Diagrams  illustratinc  thb  Epfbct  on  Rictim  pkoh  Coh- 
PBTiTivs  Through  Traffic  of  a  Longek  Home  Line  between  the  gaiu 
Termini. 

A     E 


Fio.  7.  P"-  •■  '^^  »■ 

\0n  these  diagrams  lie  inlerpolated  miltagt  on  tkt  lumu  rood  {/)  6  aitumed  to  i*  OKt 

EIGHTH  tf//A<   TOTAL  Aik/.] 

F1G8.  i-io  Ob.  ouAirre.  of       Firs  8-.,    On.  MALFof  U-       Fna.  >:"■  ,'r»«"Q''*™«» o' 
SJluiul  OE  bodK  raul.  u]  haul  on  home  «Mul.  louf  l«ul  00  bom.  re«l. 

4  £■     » 


Explanation  of  diagramt,  and  demonstration,  from  Figi.  T  to  12,  of  law 
staled  in  par.  122, 

329>  In  each  diagram  let  the  base  DC  =  the  total  haul  on  an;  given  nn<(  of 
through  compeiitive  traffic,  in  part  over  the  borne  road,  If,  and  in  put  over  om 
oi  more  foreign  roada,  F. 

And  lei  the  altitude  AD=  BC=  the  average  receipt  per  mile  00  lUtnnit 
of  traffic. 

Then  will  the  area  A  BCD  =  the  total  through  rate  per  nnit  of  traBk  (IcM 
any  terminal  or  other  consiant  deduction),  and  ihe  areas  /Tand  F=  (be  tac- 
tions thereof  appertaining  to  the  home  and  foreign  roada,  respect! veljr. 

Assume  the  lotal  haul  increased  to  D'C  hy  the  addition  of  the  dluaace  Off 
to  the  home  road.     Then,  since  the  loial  through  rate  remaloi 
shall  obtain  a  new  average  rate  per  mile,  A'D',  of  such  amount  tin 
the  new  rectangle  A'ffCD  =  area  of  original  rectangle  ABCD, 
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Furthermore: 

Rect»ngl«  Aff  =  gross  a 
by  decrease  in  through  r«le  p 
hemt  naJ excltuivtly  from  eat 


igi- 


It  lost  b^  both  roads  jointly  on  original  hani 
ile  =  reciangle  AD  =  gross  amount^oiwrf  by 
•  al  decreased  average  rale  on  its  extra  mileage. 
of  Ihc  home  road  on  its  original  mileage  to 
be  uuaSected  by  the  addition  thereto,  then  will  the  rectangles  EB'  =  the  gross 
amount  lost  by  the  foreign  road  through  the  longer  haul  at  the  same  through 
rate,  and  this  area  only  will  represent  the  extra  receipts  of  the  home  road  on  iu 
exlra  mileage,  which  let  =  rectangle  A" IX 
ThcD  we  have,  geometrically, 

A"  If  _  EB. 
A-0        AB'         *•' 
Net  rate  per  mile  realized  "I  f  average 

on   home    road   on  added  through 

baul  (rale  realised  by  home      is  loi  rale  per  mile 
road   on   original    mileage  on  new  and 

being  supposed  unchanged)  J  (^longer    haul 

For  example:  If  J5,  50,  or  75  per  cent  of  the  original  haul  (before  the  home 
line  was  lengthened)  was  on  the  foreign  road,  the  home  road  will  realize  (wiihin 
a  trifling  error,  shown  in  Table  96)  75.  50,  or  75  per  cent  of  the  new  average 
through  rate  per  mile  on  any  added  mileage,  without  eufiering  any  such  reduc- 
tion as  its  connections  have  to  suffer  on  its  original  mileage. 

In  practice,  the  changes  of  length  which  the  engineer  is  called  upon  to  con- 
sider will  ordinarily  be  so  small  that  the  through  rate  per  mile  of  competitive 
freight  will  be  but  little  affected,  so  that  we  may  say  in  Figs.  7  to  13  that  practi- 
cally A'D'  =  AD,  whence  we  have  the  approximate  law  of  par   tit. 

Table  97. 

Pkopoktioh  of  Throi;gh  and  Local  Freight  in  bach  Census  Group  of 

THE  United  Siates. 


ori^nal 
foreign 


1    U 


ICocnpuled  from  C«n™. 

oCBSo.] 

£iirning¥. 

Oxtus  Gioiip. 

V^^X- 

Local 

Toul. 

I.   New  England 

II.  Middle  to  Indiana... 

HI.  Southern 

IV.  N.  W.Central 

69.7 
60.5 

tt 

51-5 

39-5 

30.3 

fd 

56.  a 
48,5 
61.5 

ii: 

Total  United  States 

56. 

44. 

■■»■ 
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Frbicht  Movement,  Thbouck  and   Local,  East  amd  Wm,  on  Fsiiiuilr 

VANU  Railroad  (P.  R.  R.  Dtv.  only)  roK  Tbiktv-fivk  Ykau, 

(Fayiae  (reiefat  oolf.    Statittks  cxiM  no  buthtr  fauk.) 
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Table  9B, — Continued. 

SVUMARY   BV    HALF'DBCADU. 


'.'.~,s:r- 

TOM-MlLIAM. 

■%—M. 

ThreuKli. 

Local. 

TotBl. 

Through.       1          Local. 

TolaL 

But. 

Wot. 

Eut. 

Wnt. 

Eajn. 

W«L  1  E».. 

WW. 

'•s'-i. 

.i7«-»<. 

■4' 
-«9 

■■3 

-3S 

-J* 

e.7« 

3-*> 

3».«. 
1*5.4 

Srf.fi 

9* 
>6.i 

46.0 

■■4-4 

3*>-4 
'H3.4 

■  30.1 

4«1.6 

.6j.< 
37«.l 

■85».4 
>9»4 

Percehtagbs  and  Avekacb  Local  Haul. 


P«C«MTS 

or  Tot 

.u 

TUIL 

Too*. 

Too.mi1». 

Local  "FreLg^t. 

Throu^.    . 

Local. 

Thr 

H.Bh. 

Local. 

Bail. 

Wett. 

Bau. 

Wat 

But. 

W«l. 

Ea»l. 

Wm. 

Bait. 

Wttt. 

1«11-S 

•41 

X>'S 

34'> 

».} 

33. T 

■7-3 

3».6 

»4 

iPi 

.ll«-to 

% 

■6j. 

iWi-j. 

i!-' 

•4» 

T«.I 

OM-r. 

«'4 

A.i 

11. S 

lo.g 

54-4 

11.9 

MS- 

70. ■ 

.B71-*- 

S«.o 

56.6 

itf«4i. 

11. 1 

(«-7 

rt.« 

17.1 

6,7 

M.8 

II. 4 

ISO. 

•Si  9 

di.^ 

<■» 

«.» 

j».» 

.7.6 

6.1 

«p.> 

.S.4 

MJ 

M.s 

336.  From  the  additional  receipts  thus  realized  is  to  be  de- 
ducted the  additional  cost  of  earning  it,  which  we  have  seen  may 
▼ary  ttnjrwhere  from  95  to  40  or  (for  great  changes)  50  per  cent 
of  die  average  cost  per  mile.     No  absolute  profit,  therefore,  can 
home-haul  of  competitive  freight,  unless 
ter  than  35  to  40  or  50  per  cent  of  the 
foreign   haul  whatever  there   is   some 
idetothe  disadvantages  of  distance  for 
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227.  Let  us  now  see,  in  continuation  of  par.  205^  how  much 
weiglit  should  be  probably  given  to  differences  of  distance  as 
RESPECTS  WAY  TRAFFIC.  Table  92  and  various  others  will  show  that 
it  is  a  fairly  low  estimate  to  assume  40  passengers  or  100  tons 
of  freight  as  an  average  train-load,  about  one  half  of  which  (see 
Tables  97  and  98)  will  be  local  traffic,  at  rates  fixed  by  the  mile 
or  at  the  will  of  the  company.  The  fluctuations  from  this  average 
are  very  great  indeed,  and  a  nearer  estimate  can  easily  be  formed 
in  any  particular  case.  Assuming  the  above  average,  however, 
at  \\  cents  per  mile  for  freight  and  2\  cents  for  passengers,  this 
purely  local  traffic  would  net  50  to  62^  cents  per  train-mile.  On 
the  other  hand,  we  have  already  estimated  (Table  89  and  par.  195) 
the  actual  cost  of  running  an  extra  mile  at  from  25  to  50  cents. 
This  sum  includes  all  expenses  for  running  such  distance,  so  that 
any  additional  receipts  arising  therefrom  must  be  credited  against 
it  in  full. 

228.  Accordingly,  it  is  plain  that  whenever  way  rates  are 
actually  determined  by  the  distance  alone,  any  reduction  of  dis- 
tance would  be  very  apt  even  to  entail  a  balance  of  loss  upon 
the  company.  For  example,  it  would  undoubtedly  entail  a  net 
loss  on  the  New  York  Central  Railroad,  from  their  way  business 
alone,  to  shorten  their  line  by  several  miles,  even  if  it  could  be 
done  without  cost  to  them,  provided  all  their  business,  "  way"  as 
well  as  "through,"  had  to  be  transported  over  the  new  line;  for 
60  cents  would  be  a  very  high  estimate  of  the  actual  cost  of  run- 
ning extra  distance  on  that  road.  On  the  other  hand,  taking  an 
average  train-load  (on  main  line  only)  of  100  passengers,  and 
assuming  the  very  low  proportion  of  one  half  as  that  on  which 
the  receipts  are  fixed  by  the  legal  limit  of  2  cents  per  mile,  we 
have  an  average  gross  loss  of  100  cents  per  train-mile,  or  a  net 
loss  of  40  cents  for  every  mile  cut  out  of  the  line.  And  if  the  g^ross 
loss  had  been  but  10  cents  instead  of  100,  it  would  have  operated 
to  reduce  the  value  of  any  saving  of  this  distance  by  so  much| 
although  not  entirely  destroying  it. 

229.  All  way  traffic,  however,  is  not  by  any  means. rated  solely 
by  the  mile ;  nor  would  any  railway  think  of  attempting  to  so 
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rate  it,  even  if  it  had  the  power  to  do  so,  without  destroying 
business.  Tables  93-5  clearly  show  this.  Table  98,  showing  the 
enormous  and  growing  proportion  which  local  traffic  makes  of 
the  total  traffic  of  a  line  like  the  Pennsylvania  even,  which  is 
often  thought  of  as  chiefly  a  through  trunk  line,  makes  it  still 
clearer  that  it  is  impossible  that  local  traffic  should  be  all  so 
rated.  And  yet  a  line  no  miles  long  instead  of  100,  between 
two  given  points,  will,  or  can  be  made  to,  derive  some  addition 
to  gross  receipts  without  working  either  hardship  or  injustice. 
The  local  passenger  rates  would  be  perhaps  $3.30  instead  of  $3 
— a  difference  which  those  who  may  be  called  floating  or  occa- 
sional travellers  (those  making  one  or  two  or  ten  trips  a  year) 
can  well  afford  to  pay,  and  would  pay,  probably  without  feeling 
the  difference.  If  we  estimate  the  total  extra  cost  of  running  the 
10  miles  extra  distance  at  $3,  which  would  ordinarily  be  ample, 
it  would  require  but  10  such  passengers  per  train  to  wholly 
counterbalance  the  cost  of  running  the  extra  distance.  That 
road  would  be  the  exception  perhaps  which  did  not  average  10 
such  passengers  per  train,  and  substantially  the  same  condition 
of  things  exists  on  many  roads  in  freight  business  also. 

For  the  remainder  of  the  traffic,  to  which  the  greater  rate  fol 
the  extra  distance  would  be  a  real  hardship  and  burden,  it  is 
entirely  at  the  discretion  of  a  railway  company  to  do  away  with 
the  extra  burden  by  special  rates  based  on  volume  of  business 
furnished;  and  this  is  the  true  and  just  principle  of  fixing  rates 
under  all  circumstances;  for  the  interest  both  of  the  stockholders 
and  the  general  public.  A  man  who  travels  or  makes  a  ship- 
ment over  a  line  once  a  year  is  not  greatly  burdened  by  even  a 
considerable  difference  of  rates,  and  it  may  equitably  be  col- 
lected from  him.  A  constant  patron  of  the  line,  on  the  other 
hand,  finds  the  same  difference  of  rate  a  very  great  burden. 

230.  Thus  we  seem  driven  to  the  conclusion  that  it  is  rather 
worse  than  money  thrown  away  for  any  average  road  to  spend 
money  in  shortening  its  line,  nor  is  there  any  escape  from  the 
conclusion  that  there  is  only  one  class  of  road  to  which  it  can, 
under  any  circumstances,  be  any  great  object  to  do  so; — those. 
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namely,  whose  traffic  is  mostly  hauled  over  their  own  lines  ex* 
clusively,  while  at  the  same  time  the  rates  on  a  large  portion  of 
it  are  directly  or  indirectly  fixed  by  competition,  as  on  two  or 
three  of  the  great  trunk  lines.  A  large  non-competitive  way 
traffic  alone  may  entirely  neutralize  tlic  pecuniary  value  to  the 
company  of  saving  distance. 

331.  Bnt  these  conclusions,  allliough  undeniably  true,  should 
be  acted  upon  with  even  greater  caution  than  those  already  sug- 
gested with  respect  to  through  business,  and  only  when  there  is 
no  possible  doubt  as  to  tlie  interests  of  the  company.  For  as  a 
question  of  public  policy  the  conditions  wliich  bring  about  a 
credit  side  to  distance  have  no  force  whatever,  the  ultimate  loss 
to  the  community  from  an  unproductive  and  avoidable  service 
being  the  same  whether  borne  directly  by  the  railway  company 
or  transferred  by  it  to  the  general  public.  And  inasmuch  as  the 
prosperity  of  a  railway  is  intimately  connected  with  tliat  of  its 
supporting  population,  the  policy  under  certain  circumstances— 
perhaps  under  any  circumstances — of  thus  counting  in  as  a  malce- 
weight  a  possibly  avoidable  tax  (a  large  fraction  of  which  ts,  so 
to  spealc,  spent  in  collecting  it),  however  fairly  distributed  and 
lightly  borne,  may  be  questioned,  especially  as  the  ability  to 
collect  it  through  absence  of  competition  is,  by  its  very  nature, 
temporary  and  changeable.  Nevertheless  a  railway  is  a  busi- 
ness  enterprise  and  not  a  chariteble  institution,  and  it  has  the 
same  right  as  any  private  citizen  to  take  every  reasonable  pre- 
caution to  secure  pecuniary  success. 

332.  The  future  returns  to  the  investors  are  always  more  or 
less  problematical,  while  the  benefit  to  the  public  is  not  prol^ 
lematical,  and  always  far  ahead  of  any  possible  profit  to  the  to* 
vestors.     It  is  hardly  reasonable  to 

ways  shall  increase  their  tnvestmen 
the  return  on  that  investment  pai 
policy  requires  and  justifies  thit  at 
should  be  mainly  directed  not  to  : 
ducing  the  gradients  orverti 
be  immensely  more  import) 
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fcct  on  Operating  expenses,  but  over  which  a  railway  can  under 
no  circumstances  derive  additional  revenue  by  running  its  trains. 
For  it  is  far  easier  to  collect  pay  from  an  intelligent  public  for 
carrying  them  ten  miles  around  a  mountain  than  for  taking  them 
over  the  top  of  it,  while  it  costs  far  less  to  do  it. 

233.  Especially  when  the  question  comes  up  of  lengthening 
THE  LINE  TO  SECURE  WAV  BUSINESS,  as  Suggested  in  Chapter  III., 
we  may  almost  say  that  where  there  seems  any  room  for  doubt 
it  will  almost  always  be  policy  to  do  so.  Extra  business  to  a 
railway — the  engineer  will  rarely  err  in  thinking — is  almost  all 
clear  profit.  Of  passenger  business  this  is  literally  true  until 
the  increase  becomes  considerable.  Of  freight  business  it  is  so 
nearly  true,  that  80  or  90  per  cent  at  least  of  a  way  rate  is  clear 
profit  over  the  actual  cost  of  any  one  particular  extra  shipment. 
(See  also  par.  181.) 

334.  Let  us  suppose,  for  example,  that  the  A.  ft  B.  Railway,  Fig.  13, 
100  miles  long,  is  deflected  10  miles  north  to  strike  some  way  point  C. 
The  increase  of  length,  if 

the  road  were  all  a  straight  ^^,_1*' 

line,  would  be  as  nearly  as     ^^,,,...— -"'"'"'^  ^^  S 
may  be  two  miles,  and  the 

extracost  of  running  those  ""■  '* 

two  mites  probably  fifty  to  seventy-five  cents  per  train,  as  already  esti- 
mated. 

335.  The  loss  of  distance  from  even  very  considerable  dcvialions  from  an 
air-line  ii  commonljt  absurdly  over'eslimaicd,  even  in  the  minds  of  engineer*, 
io  a  way  and  for  reasons  more  fully  discussed  later  (Chap.  XXVJII.).  Young 
engineers  are  rarely  trained  in  such  matters,  and  should  take  pains  to  disabuse 
their  miiidi  of  impressions  nhicb  often  lead  them  to  take  for  granted  assump- 
tloDt  in  tU*  respect  which  have  a  mere  shadow  of  foundation  in  fact. 

Oo  such  a  road,  if  runnins  ten  trains  daily  each  way.  this  loss  would 

A  very  insignificant  town  will  fur- 

vill  be  evident  from  Tables  14  to  38, 

ys  in  the  North  Central  States  being 

village  of  300  to  500  peoplewould 

I  a  deflection.    There  are,  of  course, 

revenue  from  a  village  of  that  size. 
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A  village  of  coal-miners  will  produce  ten  times  that  traffic  at  least,  and 
some  retired  hamlet  not  a  tenth  of  it. 

236.  The  preceding  is  independent  of  the  effect  of  the  two  miles 
extra  distance  to  increase  receipts  as  well  as  expenses  on  the  traffic  as  a 
whole.  Taking  that  into  account,  it  needs  no  further  demonstration  to 
show  that  it  must  in  general  be  a  serious  mistake  to  neglect  way  points 
simply  to  shorten  the  line,  unless  the  grades  are  also  affected.  In  the 
latter  case  it  becomes  more  doubtful ;  but  taking  the  country  as  a  whole, 
not  only  the  private  interests  of  railway  corporations  but  the  interests  of 
che  general  public  as  well  have  suffered  great  disadvantage  and  loss  from 
contrary  practices,  while  the  aggregate  railway  mileage  has  been  unnec- 
essarily increased  ;  for  a  slight  swerve  in  the  main  line  will  often  save  a 
long  branch  or  a  longer  competitive  line. 

237.  The  doubting  engineer  may  safely  take  the  two  following  as 
prima-facie  guides,  to  be  deviated  from  only  as  special  reason  to  the  con- 
trary appears : 

1.  Any  deviation  which  will  increase  the  average  per  mile  of 
ROAD  OF  TRIBUTARY  POPULATION  (weighing  the  latter,  of  coui-se,  in 
proportion  to  their  revenue-producing  capacity)  is  all  but  certainly  ex- 
pedient, because  it  is  mathematically  demonstrable  that  the  longer  line 
ought  then  to  be  for  the  joint  advantage  of  the  community  and  the  rail- 
way (see  Chap  XXL). 

2.  Even  if  the  gain  be  considerably  less  than  this,  the  deviation  ma/ 
easily  be  (and  probably  is)  for  the  interest  of  the  railway,  although  not 
in  that  case  expedient  in  itself,  as  a  question  of  public  policy. 

238.  All  the  preceding  conclusions  as  to  the  comparatively 
slight  importance  of  distance  (and  the  same  is  true  of  all  the 
minor  details  of  alignment)  may  well  lead  to  ruinous  conse- 
quences if  they  are  stretched  until  they  crack  to  support  some 
extended  and  radical  change  materially  modifying  the  cost  and 
convenience  of  transportation,  and  so  discouraging  traffic;  for 
it  must  never  be  lost  sight  of,  that  anything  which  tends  to  per- 
manently increase  by  ever  so  little  the  cost  to  the  public  of  any 
given  service  is  disadvantageous  to  all  parties,  although  its  dis- 
advantages may  be  more  tl  .  made  up  to  one  party  by  the  gains; 
and  if  the  difference  ...danger  of  permanent  dis- 
aster  to  the  property  IM^'''  which  it  has  been 
sought  to  bring  out  is,  ^IS^  q9^'"*^t({ere  always  is 

'  ■  ~< 

\ 
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e  of  considerable  importance  to  increase  of  distance 
to  the  idea  which  prevails  to  an  unfortunate  extent, 
rt  and  direct  line  is  the  first  desideratum,  to  which 
rything  else  must  bend.  On  the  contrary,  it  would 
•  put  the  general  rule  which  should  govern  action 
ining  a  short  line  in  a  simpler  and  safer  form  than  to 
is  the  one  desideratum  about  a  railway  which  it  is  a 
:  to  have  if  it  costs  nothing,  but  which  must  give  way 
isiderations  in  case  of  conflict,  and  is  not  worth  spend' 
ooney  for. 

ire  cases — as  for  instance  a  line  between  New  York 
:lphia — where  it  is  of  great  importance;  but  the  excep- 
tion of  distance  as  the  one  element  of  cost  of  trans- 
rhich  is  used  as  a  basis  for  collecting  revenue  makes 
:ions  rare.  If  the  conditions  were  different — if,  for  ex- 
:ould  charge  the  passengers  we  did  get  more,  because 
rificed  the  chance  of  getting  some  others  in  orde.  to 
more  quickly — all  this  special  pleading  would  fall  to 
,  and  distance  would  take  its  true  relative  positie  \ 
ber  elements  of  the  cost  of  transportation  on  the  basis 
le.  But  the  very  fact  that  this  is  not  the  case  seems 
i  the  effect  of  reversing  a  reasonable  deduction  from 
IS,  in  the  minds  of  the  more  ignorant  and  thoughtless, 
to  some  such  hazy  chain  of  reasoning  as  we  noted  in 
ing  of  this  chapter. 

ere  is  another  argument,  of  much  the  same  vague 
t  last  referred  to,  but  of  a  more  reasonable  and  tan- 
icter,  which  is  sometimes  brought  up  as  a  reason  for 
ance,  viz.,  the  "  moral  effect"  of  a  short  line  in 
secure  traffic.  Nor  is  this  argument  wholly  unjusti- 
ire  are  numerous  lines  throughout  the  country  which 
itly  suffer  simply  from  the  length  of  their  line  fright- 
y  passengers  and  fast-freight  traffic.  We  may  sec 
feet  is  feared  by  the  current  fashion  of  misrepresent- 
phy  in  railway  advertising  circulars. 
any  lines  which  are  not  particularly  direct,  however, 
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do  not  do  this,  and  the  prosperity  of  a  single  conspicuous  line, 
the  New  York  Central  S&  Hudson  River  Railroad,  will  show  that 
there  is  nothing  in  distance  pure  and  simple  to  deter  travel  until, 
as  in  the  case  of  the  Grand  Trunk  Railway  in  competing  for 
American  business,  the  difference  of  distance  becomes  so  great 
as  to  seriously  lengthen  the  total  time  of  the  trip — a  result 
not  commonly  to  be  feared  from  probable  engineering  modifica- 
tions of  any  given  line.  The  enormous  proportion  of  the  New 
York-Chicago  travel  which  the  New  York  Central  secures  in 
spite  of  being  the  longest  of  three  prominent  lines  (970  miles 
against  961  by  the  Erie  and  911  by  the  Pennsylvania),  and  in 
spite  of  taking  passengers  150  miles  north  before  they  begin  to 
go  toward  their  destination  at  all,  is  sufficient  proof  that,  if  a 
line  be  equally  comfortable  and  well  managed,  and  makes 
equally  good  through  time  (as  all  lines  do,  for  the  most  part, 
by  general  agreement,  which  ticket  through  at  the  same  price, 
and  as  any  line  can  successfully  insist  on  doing  when  its  length 
is  not  in  excess  over  10  or  15  per  cent),  it  will  not  suffer  to  any 
material  extent  from  this  cause  alone.  That  the  New  York  Cen- 
tral is  no  very  great  sufferer  hardly  needs  further  demonstration 
than  may  be  found  in  various  tables  by  referring  to  the  Index. 

241.  The  difficulty  is  (par.  51)  that  the  lines  least  favored  as  to 
distance  are  generally  less  desirable  in  other  respects.  There 
are  more  connections  to  make,  less  favorable  through-car  arrange- 
ments, a  less  number  of  and  slower  trains,  etc.,  etc.  At  the  very 
worst,  moreover,  this  objection  only  applies  to  a  very  small  por- 
tion, and  that  the  least  profitable  portion,  of  the  traffic  of  a  road; 
and  it  does  not  apply  at  all  to  those  small  changes,  of  a  few  miles 
more  or  less,  which  the  engineer  is  most  frequently  called  upon 
to  consider,  and  to  which  this  chapter  has  mainly  referred. 

SM.  The  conclusions  reached  in  this  chapter  have  rarely  been  recc^- 
nized  in  the  practice  of  engineers,  but  instances  are  not  wanting  where 
they  have  been  clear  enough  to  operating  officers.  As  one  instance  of 
the  latter,  on  the  "  Pan  Handle"  road  (Pittsburg,  Cincinnati  &  St.  Louis) 
a  tunnel  near  Steulienville,  O.,  saving  two  miles  of  distance  and  much 
curvature,  but  costing  $300,000,  was  avoided  by  a  temporary  li —  *"' — 
at  last  means  became  sufficient  to  construct  it,  the  general  i 
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the  line  objected  to  its  construction  on  the  ground  that,  even  though  the 
greater  part  of  their  traffic  was  local  to  the  vast  Pennsylvania  system,  the 
loss  from  revenue  on  the  two  miles  saved  would  far  more  than  counter- 
balance the  saving  in  operating  expenses ;  and  proved  it  so  conclusively 
that  the  construction  was  for  some  years  postponed.  Subsequently,  on 
account  of  the  exceptionally  commanding  position  of  the  Pennsylvania 
roads,  it  was  believed  that  the  old  distance  could  be  considered  as  con- 
structively still  existing  so  that  this  loss  would  not  arise,  and  the  tunnel 
was  built.  Whether  or  not  this  expectation  has  beci  maintained  the 
writer  cannot  state*  nor  does  it  affect  the  force  of  the  example. 
16 


CHAPTER  Via 


CURVATURE. 


248.  It  Is  tlie 
peculiarity  of  cui^ 
vature  that  all  its 
disadvantages  lie 
upon  the  surface, 
visible  to  every 
eye  and  compre- 
hensible by  every 
mind.  A  heavy 
grade  is  very  un- 
obtrusive. The 
most  skilful  and 
observanteye  can- 
not detect  differ- 
-  ences  of  grade 
J  which  decrease  by 
,  ■  a    large    percent- 

'  age  tlie  operating 
value  of  the  line. 
But  curves  attract  instant  attention,  and  their  disadvantages  ap- 
peal even  more  strongly  to  the  imagination  of  the  inexpert  than 
to  the  instructed  judgment  of  the  engineer.     A  visible  defect  or 

iter  borrowi  from  the  heading  to  a  chapter  od  "  RailwH 
enpneering  work.  Whelher  or  not  it  ts  a  mere  fiscy  ilcFtcn 
say  i  uu[  II  dt  least  has  DO  little  verisinnililude  to  not  a  ttv  actual  worlra.  Tba 
aturallv  arises,  what  the  curve  in  the  (oreground  is  (or,  espedally  if  the  tteepfe 
Jdle  distance  is  a  hint  of  a  tovn.  or,  if  a  cune  was  deemed  pccrwair,  why  It 
ade  a  little  longer.  There  may  likewise  be  found  in  the  picture  a  hlQl  M  to 
to  which  a  largci  eipenditure  for  construction  necessarilr  implio  a  better  Una. 
!r  moral  which  the  picture  is  calculated  to  leach  mav  be  left  to  Ibe  infieniiNf  td 
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danger  is  always  more  keenly  appreciated  and  dreaded  than  one 
which  it  requires  special  training  to  detect;  and  since  there  is 
always  a  natural  tendency  to  correct  the  faults  which  every  one 
sees  and  to  forget  the  faults  which  no  one  thinks  of,  it  is  evi- 
dent that  this  simple  fact  must  always  have  a'powerful  if  unde 
tected  influence  while  human  nature  remains  what  it  is. 

244t  And  when  we  come  to  consider  what  are  the  more  solid 
objections  to  curvature,  we  And  at  once  that  a  formidable  and 
undeniably  true  list  of  objections  to  it  may  be  made,  consisting 
of  many  counts  ;  as  thus  : 

1.  //  causes  a  considerable  loss  of  power  and  considerably  more 
wear  and  tear  of  rolling-stock  and  road-bed,  thus  increasing 
expenses. 

2.  //  does  or  may  limit  the  length  of  trains^  and  thus  still  more 
increase  expenses. 

3.  //  causes  a  considerable  expense  for  extra  watchfulness  and  track- 
walking,  and  thus  indirectly  still  more  increases  expenses. 

These  three  are  what  may  be  called  the  definite  and  positive 
objections  to  curvature.  We  can  estimate  them  with  some  de- 
gree of  certainty  and  exactness.  But  there  are  still  others  which 
are  essentially  indeterminate,  and  which  for  that  very  reason  if 
behooves  us  to  examine  into  the  more  closely,  lest  the  ha2e  of 
doubt  which  unavoidably  surrounds  them  should  on  the  one 
hand  unduly  obscure  them,  or,  on  the  other,  have  a  mirage-like 
effect,  magnifying  them  into  undue  proportions.  Among  these 
causes  are  : 

4.  The  danger  of  derailment  is  increased,  and  the  consequences 
of  such  derailment  when  it  occurs  are  more  likely  to  be  seri- 
ous. 

5.  The  danger  of  collision  is  increased  by  the  obstruction  of  the 
view. 

6.  There  is  more  difficulty  in  making  time,  and  thus  passenger 
travel  is  likely  to  be  affected. 

7.  //  injuriously  affects  the  smooth  riding  of  cars,  and  thus  deters 
travel. 

8.  //  impresses  the  imagination  of  travellers  with  a  feeling  of  danger 


-J 


244  CHAP,   VIII.—CURVATURE. 

even  if  none  exists^  and  thus  in  a  third  way  affects  travel  unfavor- 
ably; and,  finally, 

9.  //  is  more  or  less  an  obstacle  to  the  use  of  the  heaviest  and  $naii 
powerful  types  of  engines. 

This  is  a  formidable  indictment,  indeed,  and  when  it  is  ex* 
tended  from  curvature  in  the  abstract  to  sharp  curvature  as 
against  easy  curvature  it  becomes  still  more  so  ;  for  there  is 
then  more  wear  and  tear,  more  danger  of  limiting  trains  and 
more  injurious  effect  upon  the  safety  and  speed  of  trains,  the 
comfort  of  travellers  and  the  reputation  of  the  line. 

245.  It  is  therefore  not  unnatural  that  a  very  general  course 
of  reasoning  on  the  question  should  be  :  **Each  one  of  these  ob- 
jections to  curvature  amounts  to  something  ;  plainly,  therefore, 
in  the  aggregate  they  must  amount  to  a  great  deal,  although 
no  one  can  ever  determine  exactly  how  much.  If  the  curvature 
be  sharp  they  will  be  several  times  more  serious,  and  in  fact  will 
then  become  entirely  inadmissible  for  such  a  line  as  ours." 
Thence  may  follow,  perhaps  too  quickly,  a  conclusion  in  the  form 
of  an  order  to  the  engineers  who  are  to  examine  the  country,  to 
the  effect  that  "the  minimum  radius  of  curvature  permitted  on 
this  line  will  be,"  etc. — an  order  from  which  thereafter  there  will 
be  no  retreat. 

246.  Notwithstanding  this  plausible  reasoning  and  formidable 
indictment,  it  may  be  said  at  once  that  investigation  seems  to 
indicate  that  the  prevailing  error  in  respect  to  curvature  among^ 
engineers  is  too  great  dislike  of  curvature,  and  especially  of 
sharp  curvature,  and  too  great  readiness  to  spend  money  to  avoid 
it,  although  a  few  go  to  great  extremes  in  the  other  direction. 
This  conclusion  seems  to  necessarily  result  from  analysis  in 
detail  of  the  weight  to  which  each  of  the  above  objections  is 
entitled ;  but  without  presupposing  this,  and  abandoning  all 
prepossessions  in  either  direction,  we  will  consider  each  objection 
to  curvature  as  impartially  as  possible,  beginning  with  what  may 
be  called  the  indeterminate  or  imaginative  (but  not  therefore 
imaginary)  objections,  4  to  9,  which  cannot  be  reduced  to  a  valu- 
ation in  dollars  and  cents. 
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THE    DANGER    OF   ACCIDENT    FROM    CURVATURE. 

247.  Railway  accidents  come  from  a  great  variety  of  causes, 
of  which  curvature  is  one.  How  great  a  cause  it  may  be  is  made 
difficult  to  determine  by  the  fact  that  accidents  are  rarely  re- 
ported as  directly  chargeable  to  curvature,  its  effect  being  rather 
to  aggravate  them,  or  to  prevent  timely  discovery  that  there  is 
danger  of  accidents  from  other  causes,  than  to  cause  them  itself. 

Nevertheless  we  can  determine  certain  maximum  and  mini- 
mum limits  for  its  possible  effect  as  a  contributing  or  aggravat- 
ing cause  of  accidents.  The  total  number  of  accidents  to  trains 
per  year,  of  sufficient  seriousness  to  get  into  the  newspapers,  as 
shown  by  the  best  available  statistics  (which  are  very  imperfect), 
is  given  in  Table  99  for  some  thirteen  years  past,  with  some  fur- 
ther details  as  to  accidents  in  Table  100;  and  by  comparison  of 
these  statistics  for  the  eight  years  ending  with  1880,  accidents 
appear  to  have  occurred  very  nearly  at  the  following  rate,  for 
the  railway  system  existing  in  1880: 

Collisions, 400,  causing  120  deaths  and  430  injuries. 

Derailments,  ....  800         "         150      "  "     530        " 

Other  train  accidents,     80         "  30      "  **      40        " 


1,280  300  1,000 

Of  the  collisions,  about  5  per  cent  are  crossing  collisions,  not 
likely  to  be  affected  by  curvature.  It  is  possible  to  conceive, 
however,  that  any  one  of  the  400  collisions  might  be  injuriously 
affected,  if  not  caused,  thereby. 

Of  the  derailments,  about 

25  per  cent  come  from  broken  or  loose  rails, 

cattle  on  track, 

washouts, 

accidental  and  malicious  obstruction, 

misplaced  switches,  and 

other  miscellaneous  causes  not  likely  Ui 
' —  be  affected  in  any  way  by  curvature, 

100  per  cent  in  all. 
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Table  100. 

Casualties  Caused  by  the  Different  Classes  of  Accidents  for 

Years. 

KilUd, 


In  Collisions. 

In  Derailments. 

In  Other  Ace. 

Toul. 

1885 

158 
172 
227 

177 
209 

156 
94 

141 
192 
229 
200 
190 

143 
97 

8 

25 

17 

3 

15 
16 

4 

307 
389 
473 

**'*'J*  "  •  ••  •  •  •••  • 

1884 

ft  wwaf  ••••••■•••• 

1883 

1882 

380 

I88I 

414 

i88d 

315 

1870 

195 

***/ V  •••••••••• 

Average 

170 

170 

13 

353 

Injured, 


1885 

547 
624 

716 

578 

565 
412 

286 

963 
1,062 

1,145 
975 
995 
714 
389 

20 
74 
49 
35 

37 
46 

34 

1.530 
1.760 
1,910 

1.588 

1.597 
1. 172 

'""J*  •••••••••• 

1884 

1883 

1882 

I88I 

1880 

1870 

709 

*/V 

Average 

533 

892 

42 

1.467 

Of  the  1,217  accidents  reported  in  1885,  193  caused  the  death  of  one  or  more  persons 
each,  while  282  caused  injury  to  persons  but  not  death  ;  a  total  of  475  accidents,  leaving* 
742,  or  61  per  cent  of  the  whole  number,  in  which  there  was  no  injury  to  persons  con- 
sidered serious  enough  for  record. 

The  accidents  recorded  in  1886  were  about  three  for  every  1,000,000  train  miles,  and 
were  divided,  according  to  their  nature  and  the  classes  of  trains,  as  follows : 


Accidents. 

Collisions. 

Derailments. 

Other. 

Total. 

To  passenger  trains 

To  a  passenger  and  a  freight 

To  freicfht  trains 

47 
102 

315 

247 

•   •   •    • 

434 

51 

■   • 

21 

345 
102 

770 

Total 

464 

681 

72 

1,217 

Allowing  two  trains  in  each  collision,  this  shows  accidents  to  a  total  of  1,681  trains, 
of  which  494,  or  29  per  cent,  were  passenger  trains,  and  1,187,  or  71  per  cent,  were  freight 
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trains.  This  is  very  materially  less  than  the  true  proportion  of  freight-train  accidents,  if 
accidents  of  all  kinds  were  included,  but  it  includes  a  large  proportion  of  those  involving 
loss  of  life  or  very  serious  damage. 

Classified  by  months,  the  aggregates  of  the  reported  train  accidents  of  the  six  years 
1880-1885  (7,949  in  all)  were  : 


Winter  Months. 

Spring  Months. 

Summer  Months. 

Fall  Months. 

Dec.     687 
Jan.      882 
Feb.     812 

Total 2,381 

Per  cent.  .    30.0 

March,  620 
April,    490 
May,     483 

1.593 
20.0 

June,    438 

July.  556 

Aug.     705 

1,699 
21.3 

Sept.      770 
Oct.       789 
Nov.      717 

2,276 
28.7 

248.  There  were  in  the  United  States  in  the  year  1880  about 
90,000  miles  of  railroad  in  operation,  employing  about  450,000 
men,  and  over  which  some  5,000,000,000  passenger-miles  were 

*run  each  year  and  perhaps  2,000,000,000  or  more  employ^  or 
free-pass  miles,  counting  both  passenger  and  freight  service,  the 
number  of  freight  trains  being  at  least  three  times  greater  than 
passenger  trains. 

The  number  of  curves  will  average  considerably  over  one 
per  mile,  as  shown  in  the  following  Tables  loi  to  104  (see  es- 
pecially summary  to  Table  102,  page  263),  or  say  at  least  128,000 
for  the  whole  United  States.  This  is  almost  certainly  not  an 
over-estimate. 

249.  Performing,  then,  the  simple  arithmetical  operation  of 
dividing  128,000  curves  by  1280  annual  accidents  and  by  the 
given  number  of  deaths  and  injuries,  we  find  that  if  all  train  ac- 
cidents which  are  serious  enough  to  get  into  the  newspapers 
were  justly  chargeable  to  curvature  and  to  nothing  else,  there 
would  be  on  an  average  one  such  accident  per  year  for  every  100 
curves,  one  death  for  every  427  curves,  and  one  injury  for  every 
128  curves.  To  present  the  meaning  of  these  figures  in  a  clear 
way:  If  all  train  accidents  were  caused  by  curvature  alone,  there 
would  on  any  one  given  curve  be  an  accident  of  some  kind  worth 
notice  in  the  public  press  once  in  100  years,  a  passenger  or  em- 
ploy6  killed  once  in  427  years,  and  a  passenger  or  employ6  in- 
jured once  in  128  years. 
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Table  \a\.~Continued. 
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Tha  MatiMla  wbkh  appear  in  thii  and  the  following  Tablei  io3,  103,  104  vere  com- 
puted b;  the  writer  [rom  time  to  time  from  IbaMalinia  which  were  eathered  for  a  large 
part  of  the  mileage  of  Ihe  United  States  br  the  Ceruus  of  1S80,  and  thrown  into  the  cen- 
■ui  reports  in  aa  utterly  valuekn  condition,  without  eren  being  totaled.  Not  much  can 
be  dCM  with  them  at  best,  as  Ihe  blank  was  not  properl;  prepared  ;  but  ai  the^  are  ■ 
recoRl  which  exists  nowhere  else,  and  is  «i7  useful  in  a  certain  way,  they  ha»e  been  in 
part  here  given.  The  reported  "  maximum  gradrs"  must  be  leceived  with  a  great  deal 
of  suspicion,  as  some  of  them  are  pusher  grades  and  some  of  tbem  only  a  few  hundred 
feet  long.    The  striking  excess  of  average  grade  in  the  prairis  Statet  over  what  exist* 


te  Census  Statistics  of  iBSo.   See  note  to  Table  h 
Ohio  and  Indiana. 


•See  note  to  Table  10 
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property.  But  this  is  practically  impossible;  and  as  between 
the  common  case — such  alternate  lines  as  are  shown  in  Fig,  15, 
— let  the  reader  pause  for  a  moment  and  intelligently  consider, 
firsty  what  the  probabilities  are  of  an  accident  on  either  line  due 
to  all  its  curvature,  and,  secondly^  what  the  danger  amounts  to 
of  an  accident  on  the  one  line  due  to  the  difference  in  its  curva- 
ture from  the  other?  For  example,  we  have  in  Fig.  16  a  view 
of  one  of  the  famous  accidents  of  1885  (the  Monte  Carlo  dis- 
aster), which  may  be  said  to  have  been  entirely  chargeable  to 
curvature  in  one  sense,  because  the  crookedness  of  the  line  pre- 
vented tiie  two  approaching  trains  from  seeing  each  other,  and 
this  on  a  line  where  enormous  sums  were  spent  to  avoid  curva- 
ture or  to  increase  its  radius,  and  on  the  very  top  of  one  of  the 
most  costly  works  for  that  purpose — the  immense  retaining-wall 
shown  in  that  view.  How  much  was  the  danger  of  accident 
diminished  by  these  works  below  what  would  have  existed  had 
the  line  been  more  closely  fitted  to  the  contour  by  throwing  it 
back  on  to  the  solid  in  the  view,  at  the  necessary  cost  of  some- 
what more  and  somewhat  sharper  cunvature  ? 

254.  This  question  is  so  important  that  it  seemed  essential 
to  make  the  facts  entirely  clear.  A  natural  and  commendable 
aversion  to  anything  which  seems  to  imperil  life  and  limb  may 
lead  to  a  dissent  from  the  above  conclusions  on  general  prin- 
ciples, as  somewhere  involving  a  fallacy,  but  that  they  are 
practically  true  seems  to  be  proved  positively  in  another  way — 
by  the  immunity  from  accident  which  many  very  crooked  lines 
enjoy  in  common  with  more  fortunate  rivals,  and  by  the  fact 
that  the  number  of  accidents  is  certainly  no  greater  (in  fact  it 
appears  from  the  last  (1880)  census  to  be  some  18  times  less)  in 
the  States  east  of  Ohio  which  have  two  or  three  curves  to  the 
mile,  than  in  the  States  west  of  Ohio  which  have  a  curve  only 
every  two  or  three  miles,  as  an  average. 

255.  Unfortunately,  from  the  very  fact  that  curvature  plays 
so  small  a  part  as  a  cause  of  accident,  no  general  statistics  can 
be  given  as  to  the  number  of  cases  in  which  it  does  have  an  in- 
fluence; but  a  very  interesting  little  volume  by  Charles  Francis 
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Adams  Jr.,  on  **  Railtoad  Accidents"  supplies  this  defect  in  a 
measure.  Mr.  Adams  gives  the  details  of  many  of  the  more 
notable,  or  rather  typical,  accidents  which  have  occurred  in  the 
history  of  railways, — some  42  in  all, — and  apparently  by  mere 
accident  specifies  the  character  of  the  alignment  in  almostevery 
case.     Out  of  these  there  were 

8  accidents  on  curves,  killing  253,  injuring  497;  total,  750 
24         "  •*    tangents,  '*     '  604,       •*       "03;       **    '707 

10         ^  unspecified* 

Dcada;  Injoriei. 

Average  per  accident  on  curves,  31.6  62.a 

*•  "         "  "    Ungents,  25.«  46.0 

This  is  mere  chance  collection,  and  proves  nothing  definite^ 
especially  as  a  number  of  bridge  and  other  accidents  ^re  in- 
cluded, with  which  curvature  or  the  lack  of  it  had  nothing  what* 
ever  to  do.  It  is  perhaps  noteworthy,  however,  that  the  propor- 
tion of  accidents  occurring  on  curves  (about  one  fourth)  is  hardly 
so  great  as  might  be  expected  if  it  were  a  pure  matter  of  chance 
whether  accidents  occurred  on  tangents  or  curves.  Several  ter- 
rible collisions  occurred  •*  when  rounding  curves:"  but  fog  seems 
to  be  a  still  more  fruitful  cause,  as  at  Revere,  Mass.;  and  not  a 
few  are  due  to  pure  and  utter  carelessness,  as  in  the  frightful 
accident  on  the  Richelieu  River  in  Canada,  one  of  the  most  de- 
structive on  record,  about  one  hundred  having  been  killed  out* 
right  and  several  hundred  injured.  In  this  case  the  engineman 
ran  into  an  open  drawbridge  on  a  long  straight  line'(as  seems 
clear  from  the  text)  past  a  danger  signal  in  full  view  1600  feet 
from  the  bridge. 

256.  Still,  we  have  fog  and  carelessness  a1wa3rs  with  us,  of 
course,  whether  on  curves  or  tangents,  and  such  risk  as  there 
may  be  from  curvature  is  in  addition  thereto^  so  that  these 
instances  of  terrible  catastrophes  on  tangents  do  not  even  tend 
tn  prove  directly  that  curvature  is  a  trifling  cause  of  accident; 
Lat  what  they  do  prove  is  that  the  unfamiliar  and  occasional  is 
the  most  fruitful  source  of  accident.    The  drawbridge  signal  la 
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the  last  accident  recorded  was  not  looked  ^or,  because  the  draw 
was  rarely  open;  and  in  the  same  way  it  is  probable  that  the 
greater  feeling  of  danger  and  more  constant  caution  which 
springs  from  the  existence  of  curvature,  and  more  especially  of 
much  curvature,  makes  it  in  some  measure  a  safeguard  against 
accidents  as  well  as  a  cause  thereof.  Only  in  this  way  can  be 
explained  the  undeniable  safety  with  which,  as  a  matter  of  fact^ 
numerous  very  crooked  roads  are  operated. 

257.  To  illustrate  this  possible  danger  from  carelessness: 
There  are  several  hundred  miles  of  the  Union  Pacific  Railroad 
on  which  there  is  practically  no  break  of  either  line  or  grade, 
but  trains  rise  into  view  on  the  horizon  as  at  sea.  As  a  very 
natural  consequence,  it  was  at  one  time,  and  perhaps  in  less 
degree  is  yet,  the  custom  to  operate  the  road  with  almost  entire 
indifference  to  time-tables  or  train-orders.  When  an  opposing 
train  "hove  in  sight"  both  made  for  the  passing  point  which  hap- 
pened to  be  nearest  between  them,  and  if  their  idea  as  to  where 
this  point  was  happened  to  be  d^iflferent,  one  or  the  other  would 
"back  out."  Such  conditions  as  these  seem  to  afford  the  ne plus 
ultra  of  safety,  yet  if  it  prevailed  on  all  railways  it  may  be 
gravely  questioned  whether  it  would  on  the  whole  add  much,  if 
anything,  to  the  average  safety  of  railway  travelling;  for  the 
feeling  of  security  and  habit  of  carelessness  which  would  thus  be 
engendered  in  employes  of  every  grade  would  be  apt  to  lead  in 
emergencies  to  the  most  terrible  consequences.  Such  contin- 
gencies, for  instance,  as  dense  fogs  or  sudden  snow-storms  or  a 
cinder  in  the  engineman's  eye,  or  a  dozen  other  possibilities, 
would  be  almost  certain  to  bring  about  occasional  accidents 
which,  under  conditions  exacting  greater  habitual  vigilance, 
would  not  have  occurred. 

258.  Even  in  the  cases  of  derailment  mentioned  in  Mr. 
Adams*  book  it  is  difficult  to  detect  much  effect  from  curvature. 
The  disastrous  derailment  from  a  broken  rail  at  Carr*s  Rock,  on 
the  Erie  Railway,  occurred  indeed  on  a  sharp  curve  on  the  edge 
of  a  precipice  (on  a  division  where  nearly  the  whole  line  is  of 
this  description);  but  another  one,  precisely  like  it,  occurred  in 
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the  immediate  vicinity,  ten  years  before,  on  a  perfectly  straight 
piece  of  track,  which  is  something  pretty  hard  to  find  in  that 
locality.  These  are  the  two  most  serious  accidents  which  have 
ever  (1882)  occurred  from  this  cause  on  that  section  of  the  road. 
In  the  first  instance,  on  a  curve,  24  were  killed  and  80  injured;  in 
the  second  instance,  on  a  tangent,  only  6  killed  and  50  injured; 
but  the  difference  is  due,  not  to  the  alignment,  but  to  the  diflfer- 
ence  in  the  height  of  the  precipice — 30  feet  in  one  case  and  80 
feet  in  the  other. 

259i  A  very  common  error  with  regard  to  broken-rail  accidents  re- 
quires correction  here.  There  is  not  a  particle  of  evidence— or  certainly 
none  of  much  moment  or  weight — tending  to  show  that  curvature  notice- 
ably increases  the  liability  of  breakage  or  even  the  consequences  thereof. 
As  respects  the  former,  it  is  almost  purely  a  matter  of  the  condition 
of  road-bed  and  of  chance  defects.  Thus  the  records  kept  by  the  Rcul-' 
road  Gazette  show  that  such  accidents  are  nearly  nine  times  as  numerous 
m  the  winter  months  as  in  the  summer,  there  having  been  of  noticeable 
accidents  caused  by  broken  rails  during  the  eight  years  1873-80:  In 
January,  February,  and  March,  268  •  in  July,  August,  and  September,  32. 
The  consequences  of  a  rough  road-bed  or  of  the  temperature  of  the 
metal,  or  both,  being  so  very  noticeable,  it  is  clearly  indicated  that  it  is 

the  hammer- like  effect  of  the  locomotive, 

rather  than  any  direct  pressure,  which 

causes  the  breakage ;  and  this  is  not  in- 

•**,^^^  creased  by  curvature :  it  is  rather  de- 

**'^»*^^   creased.     On  a  tangent  a  train  impinges 

"••^■•— •■— —   against  the  rails  with  a  great  deal  of  force 

from  one  side  to  the  other  alternately. 
On  a  curve  every  truck  in  the  train  tends 
rather  to  hug  the  outside  rail  with  the 
front  outer  wheel — in  a  manner  shown  in 
^'°*  *^'  Fig.  17,  of  which  we  shall  speak  more 

fully  shortly — both  the  inner  wheels  standing  clear  of  the  rail ;  while  the 
driving  wheel-base  is  preserved  by  the  truck  from  impinging  against 
either  rail  with  anything  like  its  natural  force.  For  these  same  reasons 
a  broken  rail  on  the  inside  of  a  curve  is  noticeably  less  likely  to  cause 
a  derailment  than  if  on  a  tangent ;  while  a  broken  rail  on  the  outside^ 
although  it  is  of  course  greatly  more  dangerous  than  on  a  tanfsent*  is 
not  so  much  so  as  might  seem — for  the  reason  that,  even  on  a  tangent 
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some  one  truck  in  the  train  is  likely  to  impinge  at  just  the  right  spot  to 
cause  derailment,  and  one  truck  off  is  nearly  as  effectual  as  a  dozen  to 
cause  a  catastrophe. 

But  if  derailment  does  occur  there  is  certainly  more  danger  on  a 
curve  than  on  a  tangent,  and  in  numerous  other  ways,  which  appeal  very 
strongly  both  to  the  imagination  and  the  judgment,  curvature  is  a  real 
source  of  danger ;  and  of  course  the  sharper  it  is,  and  the  more  of  it 
'.here  is,  the  more  danger  there  is.  Those  who  maintain  that  it  should 
therefore  constitute  a  serious  element  in  the  problem  of  laying  out  a  road 
have  the  best  of  the  argument  so  long  as  it  is  confined  to  generalities. 
Their  cast  only  becomes  weak  when  we  consider  its  force  in  detail. 

260.  The  truth  is  that  nothing  but  a  standing  miracle  keeps 
either  curvature  or  any  other  of  a  dozen  causes  of  accident  from 
being  a  fruitful  source  of  disaster.  The  marvellous  safety  of 
railway  travel  in  the  face  of  such  numberless  chances  for  disas 
ter  is  one  of  the  most  impressive  triumphs  of  human  care  and 
skill,  and  it  is  this  fact  alone  which  gives  our  argument  any 
force  whatever.  No  one  could  have  foreseen  it,  and  hardly  any 
one  can  fully  realize  it;  but  the  fact  being  as  it  is,  true  wisdom 
requires  that  we  should  recognize  its  consequences,  and  not 
insist  on  trusting  to  the  imagination  for  arguments  in  a  purely 
practical  question.  . 

Mr.  Adams  has  very  effectively  expressed  this  marvellous 
safety  in  a  pithy  sentence,  by  saying,  that  **  the  chances  of  acci- 
dent in  railroad  travelling  are  so  small  that  they  are  not  materi- 
ally increased  by  any  amount  of  travelling  which  can  be  accom- 
plished within  the  limits  of  a  human  life."  He  proceeds  with 
the  following  interesting  comparative  statistics: 

260a.  "During  the  four  years  1875-8  only  i  passenger  was  killed 
from  causes  beyond  his  own  control  in  Massachusetts,  and  only  20  in- 
jured. Yet  during  the  year  1878  alone,  excluding  all  cases  of  mere 
injury,  of  which  no  account  was  made,  no  less  than  53  persons  came  to 
their  death  in  Boston  alone  from  falling  down-stairs  and  37  more  from 
failing  out  of  windows;  7  were  scalded  to  death.  In  the  year  1874,  17 
were  killed  by  being  run  over  by  teams,  and  the  pastime  of  coasting  was 
carried  on  at  the  cost  of  10  lives  more.  During  the  five  years  1874-^ 
there  were  more  persons  murdered  in  the  city  of  Boston  alone  than  lost 
their  lives  as  passengers  through  the  negligence  of  all  the  railroad  cor 

17 
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porations  in  the  whole  State  of  Massachusetts  during  the  nine  yean 
1871-8,  which  included  the  Revere  and  Wollaston  disasters,  in  which  50 
people  lost  their  lives.  Neither  are  the  comparative  results  here  stated 
in  any  respect  novel,  or  peculiar  to  Massachusetts :  years  ago  it  was  offi- 
cially announced  in  France  that  people  were  less  safe  in  their  own  homes 
than  when  travelling  on  railroads ;  and,  in  support  of  this  somewhat 
startling  proposition,  statistics  were  produced  showing  14  cases  of  death 
of  persons  remaining  at  home  and  there  falling  over  carpets,  or  in  the 
case  of  females  having  their  garments  catch  fire,  to  10  deaths  on  the 
rail.     Even  the  game  of  cricket  counted  8  victims  to  the  railways'  10." 

260^.  All  these  facts  agree  in  indicating  the  conclusion  that 
although  curvature  is  a  considerable  source  of  danger,  yet  it  is 
even  then  so  little  dangerous  to  life  and  property  that  we  arc 
not  justified  in  giving  any  financial  weight  whatever  to  this 
argument  against  it,  unless  under  peculiar  circumstances,  or  as 
a  makeweight  when  all  other  considerations  are  exactly  bal- 
anced. The  case  is  entirely  different,  for  reasons  we  cannot  take 
space  to  discuss  at  length,  from  the  defects  in  operating  details 
which  people  rightly  insist  should  be  corrected  even  at  a  large 
immediate  expenditure. 

Before  proceeding  further  with  the  discussion  of  the  question  of  curvature 
it  may  be  well  to  explain  just  what  is  meant  by  the  term  *'the  degree  of  a 
curve,**  which  we  shall  have  frequent  occasion  to  use,  for  the  benefit  of  foreign 
readers  if  for  no  others. 

261.  Meaning  of  the  Term  "  Degree  of  Curve.'* — The  universal  method 
in  America  of  expressing  the  sharpness  of  curvature  is  not  by  giving  the  radius, 
but  by  the  "degree  of  the  curve*'  or  number  of  degrees  of  central  angle,  sub- 
tended by  a  chord  of  100  ft. ;  i.e.,  by  the  angular  change  in  direction  of  the  curve 
!n  the  distance  subtended  by  a  chord  of  100  ft.  If  the  central  angle  be  1%  the 
radius  is  readily  computed  as  5729.65  ft.,  which  is  the  radius  of  a  one-dig&kb 
CURVE,  taken  11^  practical  work  as  5730  ft. 

Except  as  the  length  of  the  arc  bears  a  varying  ratio  to  the  length  of  the 
subtending  chord  in  curves  of  different  radii,  it  is  readily  shown  geometrically 
that  the  radius  is  inversely  proportional  to  the  degree  of  curvature;  and  this  Is 
to  nearly  true  in  fact  up  to  the  limit  of  an  8*  curve  (within  a  smaM  fraction  of  a 
foot)  that  it  is  almost  universally  customary  in  the  best  practice  to  record  the 
tadius  of  a  i*  curve  as  5730  ft.,  and  to  detemiwe  the  radius  of  ciurves  of  other 
'*  degrees"  by  the  approximate  formula, 

x»-  5730 

(To  p.  266.1 
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Table  101. 
Statistics  of  Grades  and  Curvature  on  the  Railways  of  the  North- 
eastern United  States. 

[Computed  from  the  Census  Statistics  of  1880.    See  note.] 

New  England. 


MUes 

of 
Road. 

CUKVATXTSE. 

Grades. 

Name  or  Roao. 

Curves 
Per 
MUe. 

P.  c. 

Curved. 

Deg. 

Per 

MUe. 

P.  C. 
Level. 

Rise 

Per 

MUe.* 

Rise 

and 

FaU 

Per 

MUe.» 

Ruling 
Grades. 

18  Roads,  A.  to  Conn. . 

19  •  •      Conn,  to  Nor. 

20  '  *       Nor.  to  Sum. 

1,027 
750 
982 

1.72 
1.67 

42.0 
35.0 

49.6- 
38.7* 

0.0 

18.7 
24.6 

19. 5 

12.2 
15.6 
10.5 

Total,  57  roads 

1.859 

1.76 

36.8 

46. 6^ 

1.7 

30.9 

X2.8 

Single  Roads. 
Boston  &  Worcester . . . 

Boston  &  Albany 

B.&N.Y.  Air-fine.... 

Concord  &  Portsm 

Central  Vermont 

44 

202 

51 
40 

X20 

1.68 

1.55 
1.62 

1.41 
1.17 

40.5 
56.0 
34.0 
37.2 
37.8 

25.0* 

76.0* 
93.  ©• 

34- 5* 

a.8 
0.0 
6.x 
3.8 
0.9 

X0.4 

9.3 

13.5 

X9.0 

15. 7 

3.8 

13.7 
17.3 

15-3 

30 
80 
60 
Co 

^2 

Totals  and  av 

457 

1.48 

41.1 

60. 2* 

3.1 

13.6 

11..';    1 

New  York 


Alb.  &  Susq 

142.5 
120.5 
112. Q 
143.8 
296.6 
102.6 

2.36 
1.14 

Ml 

0.78 
0.95 

34.6 
32.2 
19.8 
34.5 

54.2* 
28.6* 

15.1; 
25.0* 

ax. 3 

■     •     0     • 

32.3 

75.8 
34.8 

6.8 

1:1 

0.0 
0.0 
x.8 
0.9 

13.3 

X.6 
3.8 
9.0 

78-56 

39^43  * 
24-34  . 
21-33  + 
40-56 

Buff.,  N.  Y.  ftPhUa... 
N.  Y.  &  Can 

Hudson  River 

N.  Y.  Central 

"     (Syr.  toRoch)... 

Totab  and  av 

918.9 

1.58 

30.3 

36.  ©• 

34.1 

2.1 

7.4 

N.Y.&  Harlem 

Erie.  E.  Div 

127.0 

87.0 

103.9 

139  9 
129.2 

79-1 
107.7 

1.17 
1.67 
3.73 
1.44 

1.25 

1.37 
1.09 

26.7 
29.^ 
53.8 
29.6 
28.4 
25.5 
255 

30.9; 

32.0* 

^2< 
28.4; 

31. 5*' 

11.4 
9-7 
39-7 
31.0 
12.8 

\ii 

3.1 
5.1 
4.5 
17 
4  3 
1.6 

17-5 

11.8 
4.5 

1-7 

10.5 

7.1 

9-3 

40-42 
30       + 

15       + 
12-18  — 

52-47 
53 
7I-S3 

••      Del.  Div 

"      Susq.  "  

"     W.      "  

Rens.  &  Saratoca 

Roch.  &  State  Line 

Totab  and  av 

773.8 

1.67 

31.3 

41.4* 

21.0 

5.4 

7.6 

R.  W.  &0 

148.0 
81.0 
57.8 

U'.l 
71.0 

0.63 
1.60 
1.26 
3.00 
1.14 
X.51 

17.4 
33.8 
24.1 
41.0 
26.6 
12.5 

17. o- 
31.6 

80.5* 
24.0* 

21.7* 

24.8 

17.S 
X3.6 

31.3 
7.0 

0.9 
3.3 

6.8 

8.0 
11.6 
12.3 
11.0 

40-53 
52 

37-74 
160-143 
66 
85-137 

Syr.,  Bing.  &  N.  Y 

Syr.,  Gen.  &  C 

Ulster  &  Del 

Utira  &  B.  River 

U.,  Ith.&Elm 

ToUls  and  av 

517.8 

1.52 

25.9 

33  7* 

20.6 

7.3 

9-5 

*  The  column  "  Rise  Per  Mile  "  gives  the  average  excess  of  rise  over  the  fall  in  one  mile.  The 
next  column  gives  the  feet  oi  rise  and  faU.  Thus,  if  a  road  rose  500  ft.  and  feU  300  in  100  miles, 
it  would  be  given  above  as  "  Rise  Per  MUe,  3.0,"  "^Rlse  and  FaU,  axx."  The  fixst  quantity  is  an 
onavoidable  necessity,  due  to  difference  of  level  of  the  texminL 
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Table  Vi\.—CottHnuei. 
New  jERSEr. 


R^. 

--"■■■ 

G.„-. 

mmkimt^^ 

cf^i 

Dee. 

£.^i. 

RiK 
per 

Mile.' 

sss. 

Uorrii «  SiRl 

Phili.  *  All.  CilT 

83.? 

,.,. 

J1_ 

'!:;: 

... 

so.    + 

t^%., 

..„ 

....• 

" 

Pennsylvania. 


Bi.> 

o.n 

84  !o* 

11 
SI 

J:: 

»-s« 

3I 

"i 

i 

fe^^™-"-"--- 

71- IT" 

No,  Cent 

P.*N.Y.Canal 

s 

■Hi 

ii 

1 

4< 

1 

46  a^ 

Sj'J 

!i; 

I 

1 

2^ 

PhttTE^e"-.-.::: 

■•     (Suoimii  Section) 

iS.f.'i?'"" 

wiin..4NoV.'.v.":::- 

■'"'■♦ 

'■" 

8.-4" 

... 

... 

F  North-eastern  Statu. 
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Tlia  italiilics  which  appear  In  this  and  the  (ollowing  Tablei  loa,  103,  104  were  com* 
pnted  bf  the  writer  f rom  time  to  time  [mm  Ibe  statistics  which  were  e>t)i'red  for  a  lar^e 
part  o[  the  mileage  of  the  Uoiled  States  b;  the  Census  of  iSBo,  and  thrown  into  the  cea- 
■us  report:!  in  an  utterl]'  valueless  condition,  without  even  belog  totaled.  Not  much  can 
be  dcaia  «[th  them  at  best,  as  the  blank  was  not  ptnperl:/  prepared  ;  but  as  tfaer  are  • 
lecotd  which  exists  nowhere  else,  and  is  very  useful  in  a  certain  way,  they  have  been  in 
part  bere  g^iven.  The  reported  "  maiimuoi  grades"  must  be  received  with  a  ereat  deal 
of  suspiciDo,  as  some  of  them  are  pusher  grades  and  some  of  them  only  a  few  hundred 
feet  long.  The  striking  excess  of  average  grade  in  the  prairis  States  orer  what  exiM* 
hi  the  East  is  clear  eooogb,  and  an  undoubted  fact. 


[Coaipiited  boo  ttw  Cewui  Statistics  of  lUo.    See  w 
Ohio  ahd  Indiuia. 


w  Dote  to  Table  it 
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Table  Vi\.— Continued. 
New  Jersey. 


Mile 

C..V*T«„. 

G.™ 

liiW«>R^4i>. 

S 

=:„■;■.. 

S 

f..^i. 

Mile.' 

Rile 
"it 

g"S2 

Uorri(«BKei 

PbiUi.  &  All.  Citr 

51:5 

,.,. 

j::l_ 

«.4° 

... 

J",    + 

0.79 

'■ 

Pennsylvania. 


o.BB 

84-0; 

31 

J:; 

49- S« 

pfcvt-vSA"':-;:::: 

LeiT.  &  Tjrmne 

\ 

i 

No.  Cent 

7-S  9 

.67 

s       ,..• 

1 

P.  &  N.  Y.CmiI.'..*."' 

1 

j 

To6,o* 

X: 

I 

i 

2^ 

Ifi^^ 

wiim.«  No.'..'.'. .!.:;, 

^ 

F  North-eastern  Staixs. 
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Tin  ilaliitici  wblch  appear  In  this  and  tha  (ollowing  Tables  loa,  103,  104  were  con- 
poted  by  the  writer  from  time  to  time  from  Ibe  sUlistia  which  were  e:athercd  for  a  laree 
pan  of  the  mileage  of  the  United  States  by  the  Census  of  iSSo,  and  thrown  into  the  ceo- 
■us  repoiu  in  an  ulterl7  valueleu  cocditioa,  without  even  bdag  totaled.  Not  much  cao 
be  dooa  «lth  them  at  b«t,  u  the  blank  was  not  properlj'  prepared  ;  but  as  they  arc  a 
Rcord  which  exists  nowhere  else,  and  is  veiy  useful  in  a  certain  way,  they  have  been  in 
part  here  given.  The  reponed  "  maiimum  grades"  must  be  received  with  a  Enal  deal 
of  siupiciHii  as  some  of  them  are  pusher  ^r^es  and  some  of  them  onlj  a  few  hundred 
feet  long.  The  strihiDj;  excess  of  average  grade  in  the  prairie  States  over  what  exist* 
tai  the  East  is  dear  enough,  and  an  undoobled  tact. 


[CoMpotedtroo  tb«  Census  StaUstici  of  iBSo.   See  M 
Ohio  and  iHDtana. 
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Table  \0\.— Continued. 
New  Jersey. 


M,,„ 

Cu.v*T«.. 

Gkadu. 

■MiwR.;^ 

ir 

P,  C. 

H 

I^«'-    Mile.* 

Rlie 

•A 

M.k.» 

a"S3 

K/Arc-HirV.::: 

«3-7 

i-iiS 

_K:l 

IJl 

.... 

5..+ 

Toulaimdav 

Ijg.J 

0.79 

»i.3- 

.1.1 

Pennsvlvahia, 


'% 

II 

«-si 

M 

s 

s 

I 

1 

1 

LebiRh  Valley    

7-^ 

rr»Sv? 

II 

I 

106, o; 

3^ 

i 

i 

iEi^- 

sali^-^' 

3»-«H- 

wiim.ftNoV.'v,.".;;. 

Toulaanda* 

.,-..4 

»..*• 

.4 

' 

^ 

' 

SUUUARr  OF  NnKTH-EASTEKN  STATES. 
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Tha  Matiitia  which  appear  in  this  and  the  following  Tablei  ica,  103,  104  were  tmi- 
pDlcd  b]'  Ibe  writer  [rom  time  to  time  from  tbe  atalinics  which  wen  ealhered  for  a  large 
part  of  the  mileage  of  Ihe  United  States  br  the  Census  of  iSSo,  and  thrown  into  tbe  cea- 
■ua  reporu  in  ao  utterly  raluelesa  condition,  without  even  bein^  totaled.  Not  much  can 
be  doiM  with  them  al  best,  as  Ihe  blank  was  not  properly  prepared  ;  but  as  they  are  ■ 
(cconi  whkh  exists  nowhere  else,  and  is  veiy  useful  in  a  certain  way,  they  have  been  io 
part  here  given.  Tbe  reported  "  maximum  grades"  must  be  received  with  ■  great  deal 
of  suqiidon,  as  some  of  them  are  pusher  grades  and  some  of  tbem  only  a  few  hundred 
feet  long.  The  sliiking  excess  of  average  i^'ade  in  tbe  prairie  States  Over  what  exist* 
tn  tha  East  is  dear  enough,  and  an  undoubted  fad. 


w  Ccnnn  Statistic*  ot  iBto.   S 
Ohio  and  iNotAn*. 
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Table  \0\.— Continued. 
New  Jebsev. 


Mlln 

CUHVATUM. 

Gn 

„» 

»— ..^ 

Mill 

P.  C. 

Crred. 

Mile. 

p.  C. 
'  LeiMl. 

P« 
Mii«.' 

and 

nssL 

^'ifrii^::::. 

.3.r 

..6 

3*.° 

*l< 

\M 

.. 

s».  + 

■-■ 

°" 

.S.J- 

" 

Pennsylvania. 


CuBb.  VaJlev 

s>> 

6-3S 

3;S 

II 

LeWKh  Valley  .!",'!!!' 
Lew.ATyrone 

j! 

i 

i 

.18 
1 

Peona.,  Mid.  piv 

P.«N.  Y.Ca^.V.'.V 

«]'s 

«,.9 

'■'1 

il 

1 

1 

i 

! 

i 

Es^ 

-.4n.«ConDcll 

wiiBi.4No.v.v.."::: 

If.l 

1,001.4 

h-Easteru  States. 


CHAP.  VIII.— CURVATURE— AMOUNT  OP.  201 

The  tUliatlcs  which  appear  in  thii  and  the  toUoving  Tables  ica,  103,  104  were  com- 
puted bgr  the  writer  from  time  to  lime  from  the  statiilics  which  were  gathered  for  a  Uree 
part  of  the  mileaee  of  the  United  States  b/  the  Census  of  iSSo,  and  thrown  into  the  cen- 
(ud  reporti  in  ui  utterij  valuelesa  coudilioa,  without  even  being  totaled.  Not  much  cao 
be  doat  with  them  at  best,  u  the  blank  was  not  pmpeity  prepared  ;  but  as  Ihcf  are  ■ 
reeoid  which  eaiiti  nowhere  else,  and  is  veiy  useful  in  a  certain  waji,  the^  ban  been  in 
put  here  %ma.  The  reported  "  maximum  grades"  must  be  received  with  ■  great  deal 
ot  xospkion,  a*  Knae  of  them  are  pusher  grades  and  some  of  them  onlj  a  few  hundred 
feet  long.  The  atiiking  eicesi  of  average  grade  in  the  prairl:  StltM  over  what  eiiitt 
In  tb*  Eait  li  cleu  enough,  and  an  undoubted  facL 


StATtmci  or  GUDU  k 


^e^poted  IroD  the  Cennn  Statistic*  of  i8ts.    Sec  nc 
Ohio  ano  Indiana. 
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Table  \<i\.— Continued. 
New  J  ERSE  v. 

c...™.. 

G..™ 

■«■■«»  Ri-ut. 

s" 

Cumd 

Mile. 

P.C. 
Uvel. 

MilV* 

RiK 

fsa 

K-^S^^y:.::; 

»3-7 

,.,. 

3,.o 

'J:t: 

16.4 

JO.     + 

IJ».J 

..„ 

>i.3' 

Pehksvlvakia. 


h-Eastern  States. 
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Tha  tUtlstki  which  appear  in  this  uid  Ihe  following  Tables  los,  ii^  lof  were  com- 
puted \ij  Ihe  writer  (ram  time  lo  ilme  from  the  stalislits  which  wEn  gathered  for  a  larfre 
put  of  'Jie  mileage  of  the  United  SUles  bjr  the  Census  ol  iSSo,  and  thrown  into  the  cen- 
(ud  repoftt  in  an  utierljr  ralueless  condilioa,  without  cTen  being  totaled.  Not  much  cui 
be  dciM  •rilb  Ihem  al  bat,  as  the  btank  was  not  pioperlx  prepared  ;  but  ai  thej  are  ■ 
Rcon)  which  exiiti  Dowhere  else,  and  is  very  uselul  in  a  certain  way,  they  have  beea  ia 
put  here  eivcn.  The  reported  "  maximum  i^drs"  must  be  received  with  a  great  deal 
of  soipkion,  as  some  of  Ihem  are  pusher  grades  and  some  of  tbem  only  a  few  hundred 
feet  long.  The  strilting  excess  of  average  grade  in  the  prairlc  Statw  Ota  what  CiUU 
In  the  Ean  ii  clear  enough,  and  an  undoubted  fact. 


fCeapolcd  ban  the  Cennn  StatMlcs  of  lUo.    See  note  lo  Table  tot  J 
Ohio  ahd  Ini>tAnA. 


•See  aotc  to  Table  ic 
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Or,  for  the  centrifugal  force  in  lbs.  per  tor.  multiplying  the  second 
member  of  the  above  equation  by  2000,  we  obtain 

C=. 023:48  F'Z?  (log  8.36825) ,     Qj 

Prom  this  formula  Table  106  is  calculated,  giving  the  centrifugal  fotca 
in  lbs,  per  ton  of  2000  lbs.  on  any  curve  at  any  speed* 


Table  106. 

Centrifugal  Force  in  Pounds  Per  Ton  of  2000  lbs.  on  Various  CuitYis 

AT  Various  Speeds. 

[Computed  by  £q.  (3),  par.  271.] 


Speed 
Miles  Per 

Dbgrbb  op  Curvb. 

Hour. 

• 

!• 

5* 

!©• 

X5* 

«o» 

10 
20 
30 

2.33 
9.34 

21.01 

37-36 

58.37 
84.05 

114.40 

149-43 
189.12 

233  48 

11.67 

46.70 

105.07 

186.78 

291.85 
420.26 

23 -35 

93-39 
210.13 

373.57 

35.02 
140.09 
315.20 

46.70 
186.76 

420. f6 

40 

560.35 

875.55 
1.260.79 

1,706.08 
2,241.41 
2.836.78 
3,502.20 

747.14 

50 
60 

583  70 
840.53 

1.144.05 

1.494.27 
1. 891. 19 
2,334.80 

1.167.40 
1.68X.06 

70 

80 

90 

100 

572.03 

747.14 

945.59 
1,167.40 

2,288.10 
2.988.54 
3.782.38 
4,669.60 

The  centrifug:a1  force  on  any  other  curve  is  directly  as  the  degree  of  curvature. 
The  heavy  division  lines  mark  the  assumed  maximum  limit  of  speed  for  fale^;- 
tlM  ceotrifugal  force  is  \^  W. 


272.  For  the  train  to  be  overturned  it  is  essential  that  the  resultant 
of  the  centrifugal  force  and  gravity  shall  fall  without  the  base,  which  is 
upon  the  point  of  occurring,  on  a  level  track,  as  will  be  clear  from  FigiB. 
18  and  19,  when 

W      cent.  grav.  above  track 
^ "  half-gau^e 


^ 
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The  height  of  the  centre  of  gravity  varies  in  different  cars  and  loco- 
motives from  as  hitle  as  4i  _  .™^ 
to  S  ft.,  in  heavily  loaded  flat 
cars,  to  as  much  as  7  ft.  in 
some    types    of     locomotives. 
Assuming  it  at  6  ft.,  as  in  Fig. 
18,  makes  some  allowance  for 
the  beneficial  effect  of  super- 
devation  ;  which  moreover,  in 
the  extreme  case  of  danger  of 
overturning,    does    not    tiave 
its   full    eflect,  because,  long 
before  the  point  where  it  is 
imminent,     centrifugal    force 
will  so  act  upon  the  springs  as 
to  throw  the  centre  of  gravity 
into    nearly    the    position    it              Fig.  tS.                        Fis.  19. 
would  occupy  if  the  cars  were  a  rigid  body  and  there  were  no  luper- 
elevation. 

The  maximum  superelevation  is  about  one  seventh  the  gauge,  or 
about  eight  inches.  This  may  be  considered  as  reducing  the  centrifugal 
force  by  one  seventh  of  the  weight  of  the  body,  or  386  lbs.  per  ton,  barring 
the  action  of  the  springs. 

273,  We  have,  then,  assuming  the  centre  of  gravity  to  be  6  ft.  above 
the  rails,  and  half  the  gauge  (between  centres  of  rails)  to  be  3.4  -f  ft.. 


W       6.0. 


(4) 


whence  C  =  o4H'when  the  train  is  upon  the  point  of  overturning. 
But  [eq.  (2)]  we  have  also 

C  =  aooa\\(>7V^DW, (a) 

and  from  eqs.  (3)  and  (4)  we  readily  obtain 


J       0.4  ~_  185.1 


185.1 

this  being  the  equation  of  the  maximum  velocity  11 
which  a  train  can  have  without  leaving  the  rails  by  o 

274,  Long  before  this  comes  the  point  of  danger,  and  long  before  that 
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tbe  poiat  of  oocc  cr  >ss  seriocs  ^-**^»*r*>c  «i-aiay»^^  mmA  ap^ 

=:&T  be  ss.<!  re-  be = 01 : ok y  ^:«  arr^'buc  6xia^^,  bat  bo  pcHBiliil" 
hy  cc  ar:ajyai>ce  oc  ar9CTrner;s&.:c  cc  .^.^rggr,  odcs  30c  frxm  ns  BatmeadiBk 
of  rxarT  deiercisaikc :  bet  tc  sh&Z  cccain  a  resell  oorTespoodii^  cloidy 


czines  if  ve  ayr;'nr  :h>  zniri=r-=  I:iz.t  10  be  vbcn  the actioa  cf  the 
rc^ir.f::^  foooe  -poc  tbe  c&r-bodr  d:es  ^cc  xa?cc  tb&a  snfficc^  oa  easf 
biT^r:^  the  us;^  be:,  as  vr  sbaZ  sborilT  see.  prolttbljr  too  small) 
'  :c  0:  abcct  \  lb.  per  decree,  to  thi^v  a  over  so  as  to 
^eve:  despcte  tbe  s=pe7e3evaix3Q.  Tbe  pent  atvliicfa  this 
occurs  =isT  be  de:er=i2ed  as  f 
T=e  sprL^<5  c^  aa  casr- ni: 
tbr-zijjp:  3crb£ps  6  :£.  br  tbe  ve-^t  cc  tbe  car-bocr  from  their  nnloaded 

An  a5i:t>xi  cf  ^  oc  tbe  vcsgbt  resoia^  oa 
:tlT.  wZI  CGcrpfTKS  it  tbr?c^  a::  adcitiixal  \  i=:^as 
of  ]^  oc  tbe  vesgbt  rcsthig  cc  it  vi^  cocpress  it  throa^  ^  ia.     The 
yV-r-'^g  of  tbis  =::sch  oc  tbe  ^Tci^bt  to  tbe  ocia 

oc  tbe  camjceasko  is  tbe  iimer  spriass; 
rage  dL  tbe  oestre  oc  gravitr  ^  zkt  cmm  kmiy  0mfy  to  be 
eqsa!  to  that  dL  tbe  irsi^sgrig  pjcacst  oc  tb?  sociscs^  as  k  apprcxiflBCE^ 
is  ''see  Fi^.  i^..  a  oeztnfsgal  fcroe  of  ^.  or  ssr  0L.a4.Jn  v21  snfice  to 
preserre  tbe  car-tedf  level.  Scbstiistag  tbis  oprScieat.  004  ior  04^1 
eq.  (sXveobcam 


'    joooo::f7-2>       ^  j 


this  bcEsg  tbe  eqzatSsQ  of  tbe  isfoSor  lizih  of  tbe 

Le.  tbat  at  -rbScb  tbe  car-b:>iT  cc  tbe  easesc-rTd  sc:  caacbes  viD  at 

c  I'St  rr=:a.'::  ^-erd  a=-d  six  hare  «  cazt  tcvard  tbe  ocssa^  dL  the  laiL  vith 

275.  As  "DDCb  tbe  toss^Oe  co=tress^oe  of  tbe  scrhtcs  aad  the 
of  sapereZeraiirci  sron  rcecb  a —.aT-'—iis  !.=:t.tbis  r*trt3C=i 
fcr  (5etcr=:Lz-n^ -rbat  is  tbe  izrcr^r  Mriit  of  obooT>c^:2S  veikKsties 

since  it  W3c!d  rrq^T^  fzc  :::st*rot.  oc  a  3S*  c-3i^  lO  io.  of 
jl-eritarn  srd  5  ns-  c:=:rc-ss  .:«=  cf  tbe  syctr-i^i.  saber  of 
arc  k-tz'-ssib-e ;  bet  :t  bas,  =cTertbejes&.  ttse  arra: 
'par.  374  of  corres^^rc^—.g  toiJer-bLr  ooseihr  w:;b  wba:  hare  ia  iaai 
vboCIj  anobjecriora^<>g  vejocities  oc  sach  dxres.  as  st  piaialc  siKMsid  if  < 
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rect  for  the  lower  curves.    This  appears  in  the  tabulation  of  eqs.  (5)  and 

(6)  given  in  Table  107,  for  curves  of  different  radii  up  to  a  60®  curve  (95 

ft.  radius),  the  latter  being  somewhat  easier  than  the  curve  of  90  feet 

radius  on  the  New  York  elevated  railways,  and  hence  to  be  regarded  as 

about  the  maximum.    The  trains  pass  around  these  curves  at  6  to  lo 

miles  per  hour  without  any  disagreeable  centrifugal  force. 

(See  also  par.  865  et  seg,) 

Table  107. 
Giving  for  Various  Curves  the  Inferior  and  Superior  Limits  of  Speed 

WITHIN    WHICH    the  CENTRIFUGAL    ForCE  IS  MORE  OR  LeSS    OBJECTION 
ABLE  AND   DANGEROUS. 

[Computed  by  Eqs.  (5)  and  (6),  par.  373.] 


CURVB. 

Maximum  and  Minimum  Limits  or  Spsbd.    Milvs  Psk  Houk. 

Decree. 

Radius. 
Feet. 

Minimum.    Having  no 
Disagreeable  Effect. 

Maximum.    On  the  Point  of 
Overturning  the  Vehicles. 

a' 

8'' 

2.865 

1.433 

955 

717 

41 .  39  Miles  per  hour. 
29.27 

2390 

20.70        ••         •• 

130.89  Miles  per  hour. 
92.55        "         •• 

75.57        •• 
65.44        •• 

W 

573 

18.51  Miles  per  hour. 

58.54  Miles  per  hour. 

12* 

i6' 

IS*' 

478 
4T0 

358 
319 

16.90  Miles  per  hour. 

15.64 
14.63 

13.78 

53.43  Miles  per  hour. 

49.47 

46.28        "         " 

43.58 

20* 

286 

13.09  Miles  per  hour. 

41.39  Miles  per  hour. 

22" 

28" 

261 
239 
221  • 
205 

12.48  Miles  per  hour. 

11.95 

II. 61 

11.06 

39.46  Miles  per  hour. 
37.78        - 
36.72        " 
34.98 

30* 

191 

10.69  Milep  '^er  hour. 

33*80  -Miles  per  hour. 

40- 
50- 

143.3 
1 14. 6 

9.25  Miles  per  hour. 
8.28 

29.27  Miles  per  hour. 
26.18 

60* 

95.9 

7.56  Miles  per  hour. 

23.90  Miles  per  hour. 

The  speeds  in  the  last  two  columns  are  all  spetds  0/  equal  safety,  those  in  the  last 
column  being  equal  to  those  in  the  preceding  column  X  Vio  or  3.16.    Multiplying  or 
dividing  either  column  by  3,  3,  or  any  other  factor  whatever,  will  give  a  new  column  of 
of  equal  safety. 
U 


.■*i« 
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276t  These  maximum  and  minimum  limits  correspond  to  a  difference 
in  centrifugal  force  of  i  to  lo ;  yet  it  will  be  seen  that  the  resulting  veloci- 
ties differ  only  as  i  to  VTo  or  i  to  3.16,  as  they  should.  It  will  also  be 
seen  that  the  permissible  speed,  by  whatever  standard,  does  not  vary 
directly  as  the  radius  or  inversely  as  the  degree,  as  may  be  over-hastily 
assumed,  but  as  the  square-root  of  the  radius  or  degree.  That  is  to  sa/r 
on  any  three  curves  ha  ving  radii  as 

i»    2,    3, 

the  centrifugal  force  at  any  given  velocity,  it  is  true,  is  as 

3*    2,    i; 

but  the  coefficient  of  safety  against  overturning  or  of  disagreeable  or 
obnoxious  effect  of  any  kind  admissible  under  any  circumstances  on  a 
road  operated  by  steam,  is  as 

VT      i^      VZ 
or  as  i.73»    i4i*    i-oo* 

277i  We  may  also  note  that  the  maximum  necessary  loss  of  time  from 
a  dead  stop,  in  passenger  service,  under  any  ordinary  circumstances,  is 
only  about  three  minutes,  and  the  loss  of  time  from  slowing  up  for  aquarter 
of  a  mile  or  so,  under  the  quick  command  of  the  train  given  by  the  air, 
ts  very  much  less  than  this,  while  the  steel  rail  has  materially  reduced  the 
difficulty  in  and  objection  to  making  up  for  such  delays  by  higher  speed 
at  other  points.     This  is  shown  more  fully  in  Chap.  XIX. 

For  freight  service  alternations  of  speed  by  the  use  of  brakes  are  still 
very  objectionable,  and  perhaps  will  long  continue  to  be ;  but  ordinary  cur* 
vature  does  not  require  this. 

278.  We  may,  therefore,  conclude  (in  part  on  the  author- 
ity of  the  master  referred  to  above,  which  it  seemed  more  appro- 
priate to  postpone  to  Chap.  XIX.)  that  any  difference  within  the 
power  of  the  engineer  to  effect  is  not  likely  to  materially  affect 
the  ability  to  make  ordinary  express-train  time.  If  it  were  a 
question  between  2°  curves  or  20°,  or  between  no  curvature 
and  a  great  deal,  it  might  well  make  a  serious  difference ;  but 
under  ordinary  circumstances  the  question  is  rather  between 
say,  6°  and  10^  curves,  or  between,  say,  10  per  cent  more  and  10 
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per  cent  less  curvature.  In  such  cases,  on  other  than  trunk 
lines  running  fast  expresses,  the  importance  of  this  particular 
question  is  not  simply  diminished  pro  rata^  but  entirely  van- 
ishes. 

279.  Thb  effect  <>f  curvature  on  the  smooth  riding  of 
CARS  is  a  matter  of  iViore  serious  moment  in  not  a  few  cases  of 
lines  with  a  large  through-passenger  traffic. 

For  day  travel  it  matters  less;  but  there  is  no  doubt  that 
since  the  general  introduction  of  sleeping-cars  not  a  little  travel 
has  been  kept  off  the  New  York,  Lake  Erie  &  Western  Railroad, 
for  example,  as  well  as  other  crooked  railways,  for  this  reason 
alone,  when  a  straighter  competing  line  existed.  On  the  other 
hand,  the  number  of  lines  to  which,  on  account  of  the  competi- 
tion of  other  and  straighter  lines,  this  is  an  important  considera- 
tion is  not  very  great;  and  even  when  it  is  or  may  be,  this  also 
is  peculiarly  one  of  those  cases  in  which,  although  a  perfect  cure 
would  be  exceedingly  important  and  valuable,  the  partial  cure 
from  the  slight  modifications  which  are  alone  within  the  power  of 
the  engineer,  without  very  jreat  expenditure,  will  in  most  cases 
have  little  value.  It  is  also  to  be  remembered  that  if  a  curve  is  in 
thoroughly  good  shape  the  motion  of  a  car  is,  after  it  has  once 
entered  the  curve,  almost  as  steady  as  on  a  tangent.  If  the 
centrifugal  force  and  superelevation  could  be  exactly  balanced, 
the  body  of  a  traveller  cither  in  a  sleeping-car  or  day-coach 
would  be  unaffected  by  cither.  Unfortunately  this  is  out  of  the 
question;  but  the  worst  cfifect  usually  comes  from  entering  and 
leaving  a  curve,  and  this  again  chiefly  results  from  the  fact  that, 
as  roads  are  ordinarily  located,  the  line  instantly  changes  from 
a  tangent  to  a  sharp  curve.  The  consequence  is,  inevitably,  a 
disagreeable  lurch  and  "thud;"  which  would  be  much  wors^ 
than  it  is  except  that  the  trackman  with  his  bar  corrects  the 
errors  of  the  engineer  with  his  transit  by  "easing  off"  the  curve 
at  the  ends,  extending  it  a  hundred  feet  or  more  on  to  the  tangent, 
but  of  course  necessarily  sharpening  the  curve  not  a  Httle  for  a 
short  distance  beyond  the  technical  "  P.  C."  The  latter  is  un- 
fortunate ;  but  it  is  far  better  than  to  leave  the  curve  as  the  en- 
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so  ca*e  fM  u»e  c&rrc  t^  a  rapvilj  Hnngifg  radiss  far  a 
eiwjb^-^  1tA%tmo%  csrre ;  asxd  ^2^  to  kave  cbe  great  botfj  of 
•iHi>>ffli  radios,    Tlus  tke  parabola  docs  ooc 


M2#  The  mokal  effect  of  excxssttk  cxTRTATintm  todetek 
TKAVtf^— or  fiither,  the  moral  effect  of  knovn  excellence  io  that 
as  in  frY^ry  other  detail  to  eocoarage  travel,  is  in  not  a  fewcases^ 
— a«  for  in^Unce  the  Penosylvaoia  Railroad — ^a  consideration  of 
fnor<*:  importance  than  ^ippears.  Advertising  is  general! j  re- 
garded by  all  business  men  as  a  profitable  outlay,  even  when  it 
it  all  outlay.  When  the  advertising  is  of  socfa  a  nature  as  to  in 
part  pay  for  itself  by  saving  expenses,  even  if  only  to  a  limited 
extent,  it  becomes  of  course  still  more  desirable,  and  in  the  case 
of  railways  has  the  peculiar  advantage  noted  in  Chap.  III.,  that 
any  addtttonal  sales  they  may  thus  make  cost  almost  literally 
oothiog. 

In  the  case  of  some  few  roads  which  have  an  immense,  an 
almoiit  unlimited,  traffic  to  contend  for,  this  consideration  alone 
m;iy  become  of  such  jrcat  importance  as  to  justify  very  heavy 
cxf>enditurc.  Thus,  the  policy  which  the  Pennsylvania  Railroad 
haft  a/lopted  of  polishing  and  perfecting  their  line  in  this  and  in 
variotift  other  almost  fanciful  ways  will  doubtless  prove  a  monejr* 
making  operation,  and  largely  on  this  account ;  for  even  with 
their  great  traffic,  which  will  justify  almost  any  expenditure  to 
effect  a  perceptible   improvement,  it   might  perhaps  be   difficult 


CHAP.  VJIL^CURVATURESMOOTH  RIDING  OF  CARS,   2J7 

to  justify  the  expenditures  which  they  have  made  to  take  out 
some  of  their  curvature  by  any  correct  estimate  of  the  direct 
saving  in  operating  expenses.  One  of  the  *' almost  fanciful  "  ex- 
penditures referred  to  is  to  secure  absolute  perfection  of  appear* 
ance,  as  well  as  real  excellence,  in  the  track  and  right  of  way  by 
dressing  the  edges  of  the  slopes  of  tlie  broken  stone  ballast  to 
an  exact  line,  stone  by  stone,  and  by  elaborately  neat  and  taste- 
ful road  crossings.  Another,  and  the  one  more  particularly  re- 
ferred to,  is  the  expenditure  of  occasional  large  sums  in  bold 
lines  to  eliminate  curvature  and  trifling  amounts  of  distance. 

283.  Between  Harrisburg  and  Philadelphia  the  line  of  the  Pennsylvania 
Railroad  is  one  of  the  most  instructive  practical  lessons  on  the  subject  of 
curvature,  perhaps,  which  exists  in  the  world.     The  old  and  very  crooked  lifli 
built  by  the  State  nearly  fifty  years  ago  is  crossed  almost  every  half-mile  foi 
long  stretches  by  the  newer  line,  which  has  been  constructed  piece  by  piece,  and 
which  has  hardly  one  tenth  the  curvature,  while  at  no  point  more  than  a  fen 
hundred  feet  from  the  old  line.     Comparison  of  the  two  is  instructive  lu  ihr«« 
ways: 

First,  and  chiefly,  the  old  line  is  an  example  of  how  immense  amounts  of 
curvature  may  be  introduced  merely  from  ignorance,  carelessness,  or  inexperi* 
ence,  without  the  slightest  real  necessity.  At  very  many  points  the  new  lin* 
was  no  more  expensive  than  the  old.  while  materially  better. 

Secondly,  it  is  at  many  points  an  example  of  judicious  construction,  both  on 
the  new  line  and  the  old  :  the  old  line  being  very  cheap,  and  answering  a  very 
good  purpose  while  capital  was  scarce  and  traffic  light,  and  involving  Uti'.e  loss 
to  throw  away  when  these  conditions  had  changed  so  as  to  justify  the  nr  <ine. 
Thus,  while  it  was  wise  to  throw  ar-ay  K^z  work  in  the  end,  it  was  also  ^ise  to 
build  it  in  the  beginning. 

Thirdly,  there  are  various  points  where  the  new  line,  however  more  pleas« 
ing  to  the  eye,  may  be  seen  to  be  far  more  expensive  than  any  ordinary  traffic 
would  justify  in  proportion  to  the  end  attained.  The  Pennsylvania  Railroad, 
however,  has  not  an  ordinary  traffic. 

284.  But,  after  all,  the  lines  are  few  which  have  so  large  a 
competitive  traffic  to  lose  or  gain  as  to  make  the  advertising  value 
of  a  better  line  a  consideration  of  much  moment,  and  then  it  only 
becomes  such  when  it  is  only  one  form  of  a  general  and  notori- 
ous policy.  With  the  Pennsylvania  it  is  so.  Its  track  is  well 
known  among  well-informed  railroad  men,  the  world  over,  to  be 
distinctly  superior  in  its  finish,  if  not  in  its  real  excellence,  t^ 
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anything  which  exists  in  any  part  of  the  world,  and  the  same 
spirit  pervades  most  of  the  details  of  its  management,  but  only 
when  the  competition  is  very  close,  the  traffic  very  heavy,  and 
the  amount  of  avoidable  sharp  curvature  in  question  very  large, 
could  it  do  so.  In  a  new  and  direct  trunk  line  between  Phila- 
delphia or  Chicago  and  New  York,  for  example,  it  would  be  a 
very  important  consideration. 

285.  So  far,  the  miscellaneous  and  indeterminate  objections  to 
curvature  discussed  apply  chiefly  to  passenger  travel.  Another 
of  great  importance  applies  only  to  freight  traffic,  viz.:  The  ef- 
fect OF  CURVATURE,  and  especially  sharp  curvature,  as  an  ob- 
stacle TO  THE  USE  OF  HEAVY  AND  POWERFUL  TYPES  OF  LOCO- 
MOTIVES. Without  attempting  to  summarize  now  the  mechanical 
reasons  for  the  conclusion,  which  are  given  later  (Chap.  XI.),  it 
is  a  fact  that,  in  spite  of  occasional  obstinate  opposition  to  cer- 
tain types  of  engines  being  used  "on  our  curves"  by  men  who 
ought  to  be  good  judges,  there  is  not  the  slighest  evidence  to 
show  that  ail  the  types  now  in  use  are  not  mechanically  very 
nearly  on  a  par  as  respects  the  physical  possibility  of  being  ad- 
vantageously operated  over  any  ordinary  and  reasonable  curva- 
ture. The  wear  and  tear  is  a  little  greater  with  heavy  engines, 
as  we  shall  see;  but  that  is  not  now  the  question  before  us. 

Certainly  up  to  the  limit  of  10°  curves  (573  feet  radius)  this 
objection  is  wholly  unfounded.  The  New  York,  Lake  Erie  & 
Western,  Baltimore  &  Ohio,  and  numerous  other  lines  (see  Table 
116)  have  curves  of  that  radius  exposed  to  the  heaviest  and  fast- 
est traffic,  over  which  Consoh'dation  engines  run  without  the 
slightest  evidence  of  peculiar  difficulty,  danger,  or  wear  and  tear. 
In  the  coal  regions  of  Pennsylvania  14**  and  16**  curves  are  not 
at  all  uncommon  on  branch  lines,  and  for  operating  such  lines 
the  Consolidation  engine  was  first  designed  and  had  its  first 
success. 

286i  The  Consolidation  engine  was  designed  by  Mr.  A.  Mitchell,  tben 
Master  Mechanic  of  the  Lehigh  Valley  Railroad,  in  1872.  The  type  was 
so  novel  that  the  Baldwin  Locomotive  Works  were  reluctant  to  under* 
take  its  construction.     The  Atchison*  Topeka  &  Santa  F6  Railroad  in 
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1881  operated  16*  curves  with  a  60-ton  Consolidation  locomotive  (see 
Trans.  Am.  Soc.  C.  E.,  1880,  Paper  No.  CLXXX),  with  the  result  that "  it 
is  believed  that  the  Consolidation  engine  travels  the  16°  curves  with  as 
much  ease  as  the  ordinary  '  American  '  engine,  and  causes  less  wear  of 
track  and  permanent  way." 

287.  In  the  "  Seventh  Annual  Report  of  the  American  Railway  Master 
Mechanics'  Association"  (1876,  p.  13)  a  committee  of  five  prominent  master 
mechanics  and  mechanical  engineers  report  as  follows  : 

"  With  reference  to  the  loads  hauled  by  these  heavy  engines,  it  may  be 
well  to  sav  that  no  practical  difficulties  are  experienced  on  the  Pennsyl- 
vania and  Northern  Central  railroads'  level  divisions  in  hauling  trains 
of  80  or  90  loaded  cars  at  1 5  miles  per  hour.  These  long  trains  are  hauled 
around  sharp  curves,  of  which  the  radii  range  from  650  feet  (8°  50^  up- 
ward. In  exceptional  cases  very  much  sharper  curves  are  passed.  Thus 
on  the  Baltimore  &  Ohio  Railroad  there  is  a  Y  with  curves  of  136  feet 
radius  (42°  curves),  and  Consolidation  engines  are  run  around  these  curves 
without  trouble.  In  fact  no  difficulty  has  been  reported  in  using  them  in 
all  cases  like  ordinary  freight  engines." 

288.  In  the  same  report  (p.  123)  we  have  a  report  of  experiments  at 
Renovo,  on  the  Philadelphia  &  Erie  Railroad,  to  determine  the  relative 


Table  108. 
CoMPAiATivE  Resistance  on  Curves  of  Various  Types  of  Locomotives. 

According  to  experiments  on  the  Philadelphia  &  Erie  Railroad. 

[The  precise  results  of  this  table  cannot  be  accepted  as  accurate^  but  they  are  of  value 
as  indicating  that  there  is  at  least  no  great  difference  against  the  heavier  types.] 


Weight. 

Diam.  ol 

Kind  or  Bncinb. 

Drivers. 

Truck. 

Tender. 

Toul. 

Drivers. 

American 

lbs. 
48,000 
52.800 
78,500 

lbs. 
20.500 
22,600 

9,700 

lbs. 
32,600 

47.700 
47.700 

lbs. 
lOI.IOO 
123,100 
135,900 

ins. 
60 

Ten  wheel ••••. 

55 
49 

Consolidation 

Kind  of  Engine. 

Length  op  W  hbbl-base. 

Resistance  on  4*  Cukve  at  10  Miuu 
Per  Hour. 

Rigid. 

Total. 

Toul. 

Lbs.  Per  Ton 

Lbs.PrDeg. 

American 

ft.     in. 

7     6 

12     5   . 

14     6i 

ft.     in. 
21   lOf 
23     8 
21      I 

lbs. 
1,963 

1.750 
1.850 

lbs. 

39 
28.4 

20.0 

lbs. 
9-75 
7.1 
5.0 

Ten-wheel 

Consolidation 
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curve  resistance  of  various  engines,  which  indicate,  so  \as  as  they  go, 
that  if  we  may  estimate  relative  adaptability  to  and  danger  on  various 
curves  by  the  rel<itive  resistance,  the  heaviest  class  of  engines  are  at 
least  as  well  adapted  to.  and  as  safe  en.  sharp  curves  as  any  other  class  of 
engines.  Table  io8  gives  a  summary'  of  these  experiments,  which  were 
made  by  Mr.  Isaac  Dripps,  General  Master  Mechanic  of  the  Philadelphia 
ft  Erie  Railroad,  with  a  recording  dynamometer  car  which  he  guarantees 
to  have  been  correct ;  but  notwithstanding  this  guarantee,  it  seems  almost 
certain  that  there  must  have  been  some  defect  of  apparatus  which  par- 
tially vitiates  the  results,  as  they  seem  unduly  favorable  to  the  Consoli- 
dation type.  The  tests  may  be  accepted,  however,  as  indicating  quite 
strongly  that  the  difference  is  not  great  against  them.  The  speed  was 
kept  as  near  lo  miles  per  hour  as  possible,  and  the  effect  oi  varying 
velocity  estimated  from  the  diagram* 

289.  Mr.  Dripps  says : 

"  The  locomotives  were  in  good  working  order,  and  were  generally 
taken  for  the  experiments  as  soon  as  detached  from  their  trains,  the  only 
preparation  necessar\'  being  to  disconnect  the  piston-rods  from  the  cross- 
heads  so  as  not  to  have  the  friction  of  the  piston  in  the  c>iinders.  All 
the  other  connections  were  left  precisely  as  if  running  by  steam,  so  that 
the  friction  due  to  all  the  working  parts  of  the  locomotive,  except  the  fric- 
tion of  the  piston  within  the  cylinders,  would  be  indicated.  The  loco- 
motives ex{>erimented  with  were  pulled  by  another  locomotive  and  the 
dynamometer  car.  They  would  have  been  pushed  except  for  the  danger 
of  snow  blowing  on  the  track. 

"  These  experiments  prove  conclusively,  that  hea\'y  locomotives  prop- 
erly designed,  with  a  short- wheel  base,  and  with  as  many  bearing  points 
on  the  rails  within  such  base  as  possible, — thus  reducing  the  weight  on 
each  bearingpcint,— will  pass  around  cur\'es  with  less  friction,  and  be  less 
destructive  to  the  track,  than  the  ordinarj*  passenger  locomotive  of  much 
less  weight.  Of  course  these  heavy  locomotives  are  best  adapted  for 
slow  speeds,  and  will  show  the  greatest  economy,  and  will  work  to  the 
besi  advantage  on  railroads  having  double  track,  heavy  grades,  and  a 
heavy  freight  traffic. 

••  The  effective  power  of  Consolidation  locomotives  is  50  per  cent  more 
than  the  ordinary  six-wheel  connected  freight  locomotive ;  and  from 
actual  service  1  find  that  the  locomotives  of  this  class  work  up  to  their 
powei  fully  as  well  as.  in  fact  better  than,  the  six-wheel  connected  locomo- 
tive. Two  locomotives  of  the  Consolidation  class  will  do  the  same  work 
— haul  as  many  cars— as  three  of  the  six-wheel  connected  class;  and  as 
three  of  the  latter  will  cost  $10,000  more  than  two  of  the  former,  there  is 
thus  a  saving  of  $10,000  in  the  original  outlay,  and  the  saving  of  wages  of 
the  crew  of  one  locomotive  (and  train)  daijy  :  and  with  a  properly  con. 
structed  locomotive  of  the  Consolidation  'class  the  running  repairs  for 
tonnage  hauled  will  be  less  than  any  other  class  of  locomotives  now  iP 
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use.  On  the  narrow-gauge  Denver  &  Rio  Grande  Raflway,  which  has 
many  24°  and  30^  curves,  the  Consolidation  type  is  abnost  exclusively 
used  for  freight  service,  the  wheel-base  being  only  a  little  shorter  than  is 
usual  for  standard  gauge,  or  in  the  proportion  of  about  12  to  15  feet." 

290.  The  preceding  facts,  taken  altogether,  seem  conclusive 
that  objections  to  the  use  of  any  reasonable  amount  or  radius  of 
curvature  whatsoever,  on  the  groimd  that  it  will  be  peculiarly 
objectionable  for  the  heavier  types  of  locomotives,  finds  but  lit- 
tle warrant  in  fact.  Indeed,  it  is  noticeable  that  it  is  on  roads  of 
much  and  heavy  curvature  that  the  Consolidation  type  has  been 
most  readily  adopted  and  is  most  in  use. 

291.  We  have  now  discussed  all  the  indeterminate  and  imagin- 
ative (but  not  therefore  imaginary)  objections  to  oirvature,  and 
foimd  that  while  all  of  them  have  a  foimdation  in  fact,  and  may 
be  at  times  of  great  importance,  yet  that  on  the  contrary  some 
of  them  are  always,  and  all  of  them  are  sometimes,  of  so  little 
moment  that  for  the  most  part  they  should  have  no  appreciable 
effect  on  the  decision  as  to  what  curvature  to  use.  We  will 
therefore  return  to  the  concrete  and  definite  objections  to  curva- 
ture, viz.,  its  direct  effect  upon  operating  expenses  and  on  length 
of  trains  (the  latter  considered  in  Chaps.  XVIII.  and  XIX.).  In 
order  to  discuss  these  intelligently  we  must  first  consider  the 
abstract  question  of  the  mechanical  laws  of  ciu^e  resistance, 
from  mistaken  notions  as  to  which  much  that  is  mistaken  may 
arise  in  practice. 

THE  MECHANICS  OF  CURVE  RESISTANCE 

292.  Curve  resistance  has  never  yet  been  exhaustively  investigated 
and  our  knowledge  is  in  several  respects  deficient.  The  more  essential 
facts  are  now  tolerably  well  determined;  but  simple  as  the  subject  ap- 
pears, the  mechanics  of  a  rolling  truck  on  a  curve  is — to  determine  it  cor- 
rectly— a  very  intricate  problem,  the  solution  of  which  we  must  attempt 
to  make  dear. 

293.  The  forces  arising  from  the  fact  of  ciu^ature  are  of  three 
classes: 

I.  Forces  originating  in  and  confined  in  their  action  to  the  truck  itself y 
causing  the  slippage  of  the  wheel  on  the  rail  which  is  the  ultimate  source 
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of  all  curve  resistance.  The  following  two  classes  of  forces  can  onlf  ad 
by  augmenting  or  diminishing  the  former : 

2.  Cenirsfugal  and  centripetml  force :  acting  upon  the  car  as  a  whote, 
9eA  communicated  to  the  truck  through  the  centre-pin  and  side-beuiagik 

3.  A  force  due  to  obliquity  of  traction  originating  within  the  train  an  n 
whole  and  communicated  to  the  car-bodv,  and  thence  to  the  truck. 

We  will  consider  the  nature  and  action  of  these  forces  in  their  order: 
294.  The  position  assumed  by  any  rectangular  flanged  wheel-base  in 

passing  around  a  curve  is  shown  by  ob» 

servation  and  experiment  to  be  that 

shown   in   Fig.  2a*    The  front  outer 

.  wheel  crowds  hard  against  the  rail,  and 

'*'**^«^       the   rear  axle   then  assumes  a  radial 

— — •— ^••-      position,  neither  flange  touching  the  rail 

unless  the  gauge  is  so  tight  or  the  wheel- 
base  so  long  as  to  bring  the  inner  rail 
up  to  the  flange  rather  than  the  flange 
to  the  rail.    Fig.  20  shows  the  position 

of    STABLE    EQUILIBRIUM    tO   which,    if 

any  force  disturb  the  position  of  the  wheels  for  a  moment,  they  promptly 
return.  Therefore,  if  any  force  is  to  permanently  change  their  position 
it  must  be  sufficient  to  slide  them  laterally  on  the  track.  Otherwise  it 
will  not  produce  motion  at  all.  To  slide  the  wheels,  as  to  lift  a  weight, 
the  iVriF  o^  ^^  '\viQ\i  requires  as  great  a  static  force  in  pounds  as  to  slide 
it  a  foot  or  a  mile.  The  power  consumed  varies  with  the  distance 
moved,  but  the  force  required  to  produce  motion  at  all  does  not  vary. 

This  position  is  likewise  shown  by  experiment  to  be  assumed  just  the 
same,  however  great  or  little  the  superelevation.  This  fact  may  be  ob> 
served  by  watching  the  motion  of  cars  around  the  first  sharp  curve  in  anjr 
jrard. 

295<  The  writer  constructed  some  heavy  models  with  both  cylindrical  and 
sharply  coned  wheels,  the  wheel-base  being  capable  of  increase  or  decrease  at  {Mea- 
sure, and  the  gauge  and  radius  being  likewise  adjustable  by  moving  the  rails.  The 
flanges,  however,  were  made  almost  vertical,  and  with  a  sharp  interior  fillet*  in 
order  to  give  an  exact  point  to  measure  from.     He  found  that  coning  did  not 


FkG. 


*  The  writer  believes  he  was  the  first  to  observe  this  fact,  and  determine  It 
experimentally.  The  general  fact  that  the  rear  flanges  stand  away  from  botli 
railf  he  has  since  found  had  been  previously  observed  by  a  number  of  Individ* 
ualw,  but  even  that  is  not  generally  known  to  this  day. 
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exercise  the  slightest  influence  on   ihe  position  assuined  by  the  wheel-bue, 

which  was   invariably  that  suted,    the   Iront 

outer  wheel  being  always  in  contact  with  Ihe 

rail  at  b.  Figs.  30  to  23,  and  the  rear  outer 

wheel  standing  away  from  the  rail  by  a  distance 

a,  which,  so  far  as  the  writer  could  determine 

it,  was  always  precisely  equal  lo  the  vir 

of  a  cherd  of  tviiti  thi  lingth  ef  the  ■aikerl-baii    i 

(see   Fig.    20),   indicating   that   Ihe  rear  axle   I 

was  always   radial.       In   only   one   ca 

ihis  fail,— in  that  outlined  in  Figs.  21  u 

and  then  only  because  it  was  impossible  for   I 

the  wheels  10  assume  it.     If  the  gauge  n 

tight,  the  wheel-base  so  long,  or  the  curve  so  '"^  •'■ 

sharp  (or  any  two  or  three  of  these  together)  that  the  distance  a  by  which  the 

rear  wheels  naturally  tended  to  stand  away  from  Ihe  oulside  rail  was  greater 

than  the  play  of  the  gauge,  then  Ihe  rear  axle  simply  moved  over  until  it  presseil 

against  the  inner  rail,  as  shown  in  Fig.  Z3, 

296.  With  European  Tolling-stoek,  having  no  truck,  this  condition  usually 
prevails,     so     that 

ibeir     rails     wear  . 
quite  differently  on 

both  inner  and  out- 
er rail  being  ground 
by  the  flange.     On 

quenlly   laid  down 
in   European   text- 
books that  the  posi- 
tion outlined  tn  Fig.  33  is  the  normal  one  for  any  wheel-base  in  curves,  but 
Ihis  error  arises  from  insufficient  invesiigation,  and  is  disproved  by  American 
experience  as  welt  as  experiment. 

When  tbc  inner  rail  was  entirely  removed,  so  that  the  inner  wheels  ran  on 
their  flanges,  the  position  and  path  of  Ihe  wheels  was  in  no  way  aflecied,  show, 
ing  iha'.  the  inner  rail  performs  no  necessary  function  in  guiding  the  trucks, 
bui  merely  supports  (he  nheds. 

297.  These  facts  disprove  the  old  hypothesis  that  coning  would  enable 
the  wheels  to  adapt  themselves  to  the  uneq>ial  length  of  inner  and  outer 
rail,  and  maintain  a  radial  position.  They  can  only  do  so  when  the  axles 
individually  are  free  to  assume  a  radial  position, 
partly  to  this  fact,  and  partly  to  the  effect  of  the  ordinary  n 
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adhesion  (i.e.,  coefficient  of  friction)  is  heavily  reduced.    It  may  tbcn- 

fore  be  considered  as  certain  that  all  longitiidiiial 
slip  in  every  case,  unless  by  accident.  Is  mn§kn»A 
to  either  the  inner  or  outer  wheel  eaduaively; 
although  it  may  not  be  the  same  whed  lor  anf 
two  successive  axles,  nor  for  any  two  cauaecutwe 
moments. 

302.  Admitting  this  to  be  truey  tlie  truck  in 
rolling  on  a  ciurve  is  rotating  about  flome  one 
wheel,  il,  as  a  centre,  as  shown  in  Fig.  25;  and 
we  have  the  following  condition  oi  things  in, 
say,  a  5-foot  truck  rolling  around  a  curve: 

(i)  One  rear  wheel,  A,  is  not  8lq^;Miig  at  all  in 
either  direction. 

(2)  One  rear  wheel  is  slipping  longitudinally  at  the  rate  of  joooSodD 
(in  a  la-ft.  truck  also,  .cooSadD). 

(3)  One  front  wheel  is  slipping  laterally  at  the  rate  of  JoooSydD  (la- 
ft.  truck,    .oo2idD), 

(4)  One  front  wheel  is  slipping  both  laterally  and  loogitudiiially  at 
the  same  rates  as  in  the  above,  giving  a  combined  rate  of 


Fia  9$. 


V.ooo82«  +  .ooo87«  dD. 
Table  109  gives  the  summary  of  the  slipping  thus  indicated^ 

Table  109. 

Total  Supping  of  One  Wheel  m  Feet  that  takes  Placb  in  pasbimo  ovxk 

100  Ft.  of  Various  Curves. 


S-Kt.  TuxTt;  4  WBEE15.        ia-FT.Tft»x«;  4  Wi 


I  rt«r  «Kvrl, 

•  «       *  • 


T\^Al  »Kp  \>f  \>nc 

«hcrl MO 


1* 

5* 

lO* 

lO* 

cw* 

.QCO 

0.00 

0.00 

vSJtl 

.4tO 

o.$i 

1.64 

0*: 

4s»5 

0*7 

1.T4 

1^1 

*o5 

I  It 

*-4i 

10- 


I  45»      «  *>  i  5  *>        -5«T 


0.00 
0.4X 
I. OS 


0.00 
0.8a 
a. 10 
a.a6 


0.00 
4.SI 


1.59     $-iS  iio.ss 


^io^     o  :,«  .  t  45      ^  tji  i  o  65     i.io  ;  t.6o 


30J.  I'lte  fomxuUi  u^  nx|uin»  explanation:   Smce  tlie 
(Ht\g  in  iwv^  viirw  tu>t\$  At  right  angks  to  eadi  other*  it  will  at 


feI|i.a^ 
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of  time,  while  advancing  over  an  infinitesimal  distance,  d.  Fig.  25,  slip 
longitudinally  in  the  direction  a^  and  laterally  in  the  direction  /.  The 
true  direction  and  amount  of  slip- 
ping will  therefore  be — neither  a, 
nor  /,  nor  both  together — but  along 
the  diagonal  d.  Figs.  26  and  27 
represent  to  scale  the  actual  con-  B^    ^ootjo         q  B  ,00087  ^ 

ditions.  Fig.  a6.~i»>PT.  tsuck.      Fig.  ty.—s-FT.  Truck, 

This    is    merely    following   the      Amount  and  coMtitueBtelementt  of  the  •lipol 

^  ^  the  wheel  A^  Fig.  95,  m  passing  OTer  a  distance  J 

fundamental  law  of  the  composi-  on  a  i«  cunre. 

tioi  of  velocities,  which  is  the  same  in  its  nature  as  the  composition  of 
forces.  It  has  been  carelessly  assumed  at  times  that  a  total  sliding-  of 
the  wheels  represented  by  the  sum  of  the  two  sides  a  and  /  rather  than 
by  the  hypothenuse  d,  measures  the  distance  through  which  the  wheel 
slides,  and  the  consequent  loss  of  foot-pounds  of  energy,  but  this  is  palp, 
ably  erroneous. 

304.  It  will  be  observed  that  according  to  Table  109  the  wear  due  to 
curvature  on  the  front  wheels  is  more  than  double  (4.16  to  1.64)  that  on 
the  back  axles.  Any  check  upon  this  from  observed  wear  of  car  wheels 
is  in  the  rature  of  things  impossible  from  the  fact  that  the  direction  of 
motior  of  the  car  is  reversed  with  every  trip.  With  engine  and  tender 
trucks,  however,  this  is  not  the  case.  Statistics  of  this  kind  likewise  are 
very  difficult  to  obtain ;  and  the  following  little  table  (Table  no),  embrac- 
ing «.  bservations  on  the  Camden  &  Atlantic  Railroad,  is  all  of  the  kind 
which  the  author  has  ever  been  able  to  discover.  This,  however,  appears 
as  far  as  it  goes  to  strikingly  confirm  the  theory  advanced.  It  is  to  be 
observed  that  the  wear  of  tender-truck  wheels  is  1 1.2  per  cent  greater  on 
the  front  than  on  the  back  axle,  and  the  wear  of  the  engine  truck-wheels 
37.6  per  cent  greater.  In  considering  these  figures  it  is  to  be  remem- 
bercu : 

1.  The  Camden  &  Atlantic  has  very  little  curvature. 

2.  Curvature  is  only  one  cause  for  wheel  wear,  the  others  being  use  of 
brakes  and  sand,  original  defects  and  regular  running  wear  on  tangents, 
which  would  be,  if  not  substantially  equal  for  both  axles,  much  more 
nearly  equal  than  that  from  curvature. 

The  average  might  be  and  probably  is  somewhat  affected  by  a  ten- 
dency— especially  on  a  small  road  where  the  engines  were  well  known — to 
condemn  two  wheels  at  once  which  had  been  running  the  same  time,  al- 
though there  might  really  be  not  a  little  difference  in  their  wear.  The 
great  excess  in  the  difference  in  wear  in  the  engine  trucks  is  notable. 
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Table  110. 

Weai  of  Leadhcg  and  Traiuxg  Wheels  of  LoooMomrB  ahd  Teicdky 
Trucks  on  the  Camden  &  Atlantic  Raileoad. 

and  Axles  (RcpL  iSyt,  pL  »3X 


[CoMpOed  ffVMi  Report  to  Am.  Rj.  M.  M.  Aasoc  oa  Loc 

hj  Rnfas  HilL  M.  M.] 


Engine  Trucks^ 

Size. 

No.oC 
Pairs. 

MnxACK. 

RelatiTe 

Life  of 

Wbeeboo 

Front  Axle. 

Back  Axle 

k 

Lead. 

TraiL 

28  in. 
26  •' 

8  each. 

28.998 
15.461 

43.024 
27.008 

.674 

.573 

Av.  all  eng.  wheels, 

28.623. 
A  V.  all  tender  wheels, 

26,821. 

Average. 

22,250 

35.016 

.624 

Tender  Trucks. 


30  in. 


(t 


28  in. 


«4 


10  each. 
«« 


«< 


27.897 
29.249 

23.419 
20.365 


25,232 


31  997 
32,736 
23.560 

25.346 


28,410 


.87 
.894 

•994 
.803 


.888 


Front  tmck. 
Back  truck. 
Front  truck. 
Back  truck. 


The  table  is  stated  to  have  been  made  up  from  records  of  condemned  wheeb  011I7, 
it  does  not  give  a  fair  idea  of  the  average  mileage  of  all  wheels. 


305.  It  does  not  follow  that  the  total  slippage,  and  hence  total  curve 
resistance,  of  a  six-wheel  truck  would  follow  exactly  the  same  law  as  that 
of  a  four-wheel  truck  of  the  same  length  of  wheel-base  and  carrying  the 
same  load ;  but  it  is  useless  to  consider  that  question  for  lack  of  positive 
knowledge  as  to  the  position  naturally  assumed  by  a  six-wheel  truck.  It 
is  probably  .the  same  as  if  the  middle  pair  were  omitted,  but  there  is  no 
evidence  of  that  fact. 

306.  Although  we  have  seen  that  coning,  however  much  or  little 
there  may  be,  has  no  Influence  whatever  in  practice  upnn  the  position 
assumed  by  the  truck,  yet  if  any  coning  exists  it  will  certainly  modify  the 
AMOUNT  of  slipping,  and  hence  the  resistance.  To  consider  how  much 
it  will  or  may  modify  it.  however,  would  lead  us  into  hopeless  and  profit- 
less intricacy,  because  there  must  be  slippage  under  any  circumstances 
with  a  rectangular  wheel-base,  which  will  speedily  wear  away  the  coning 
on  the  working  part  of  the  tread. 
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It  is  probable,  however,  that  the  effect  of  the  coning  while  it  exists  is 
either  nil  or  positively  injurious,  taking  front  and  rear  axle  together,  for 
the  reason  that  the  position  assumed  by  the  wheels  bears  no  relation  to 
that  required  by  the  coning  and,  especially  on  the  front  outer  wheel,  is 
liable  to  increase  its  diameter  unduly. 

307«  So  far,  there  is  as  little  reason  to  doubt  our  correctness  as  can 
be  expected  in  any  subject  which  has  not  been  exhaustively  and  thor- 
oughly investigated  experimentally;  and  frictional  slippage  which  has 
been  estimated  includes  all  that  takes  place  between  rail  and  wheel  ex- 
cept (i)  that  due  to  flange  friction  and  (2)  the  possible  action  of  other 
forces  communicated  to  the  truck. 

308t  To  determine  the  resistance  arising  from  the  slippage  estimated, 
the  very  delicate  question  arises  of  what  is  the  coefficient  of  sliding  fric- 
tion under  such  circumstances. 

The  primary  fact  to  be  remembered  in  estimating  this  is  that  the  ve- 
locity of  the  sliding  surfaces  on  each  other  is  very  small,  as  shown  more 
fully  in  the  following  Table  iii,  computed  directly  from  the  preceding 

Table  ill. 

Velocity  in  Feet  Per  Second  with  which  the  Wheel  slides  on  the 

Rail  on  Various  Curves. 


Velocity  of 

SUDING 

;   Fkkt 

Pbr  Sscond. 

Vblocity  op  Train. 

5-Foot  Truck. 

12-Foot  Truck. 

i« 

5- 

io«» 

«>• 

!• 

5' 

IO» 

90« 

10  miles  per  hour. .  \ 

.012 

to 

.018 

.06 

to 

.09 

.12 

to 

.18 

.24 

to 

.36 

.012 

to 

.034 

.06 

to 

•17 

.12 

to 

.34 

.24 

to 
.68 

30  miles  per  hour.  -< 

.036 

to 

.054 

.18 
to 

.27 

.36 

to 

to 

1.08 

.036 

to 

.102 

.18 

to 

•51 

.36 

to 

1.02 

.72 
to 

2.04 

Table  109,  by  assuming  that  10  miles  per  hour  =  15  (instead  of  14.67)  feet 
per  second. 

Our  knowledge  of  the  coefficient  of  sliding  friction  at  these  extremely 
iow  velocities  may  be  summarized  as  follows : 

1.  It  is  materially  greater  than  at  ordinary  and  perceptible  velocities, 

2.  It  is  very  greatly  more  sensitive  to  minute  change; of  velocity  thair 
at  ordinary  and  perceptible  velocities. 

3.  Its  maxim-jm  at  a  velocity  of  o-j-  is  somethmg  over  \  with  loco- 
motives and  perhaps  \  with  car  wheels  as  ordmariiy  loaaed. 

19 
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These  laws  were  most  authoritatively  determined  and  most  cotas 
pletely  illustrated  by  the  famous  brake  experiments  of  Capt.  Douglas 
Galton  and  Mr.  George  Westinghouse,  the  general  results  of  which  are 
embodied  in  Tables  112  and  113.     We  shall  have  occasion  to  refer  to 

Table  112. 

Coefficients  of  Friction  between  Cast  iron  Brake-shoes  and  Steel- 
tired  Wheels. 

[Determined  by  Experiments  of  Capt.  Douglas  Galton  and  Geo.  Westinghouse,  Jr. 

Trans.  Inst.  M.  E.,  1878.] 


Velocity. 

Coefficients  of  Friction. 

MiiBS  Per  Hour. 

At  First. 

After  5  Sec. 

After  10  Sec. 

After  15  Sec. 

After  ao  Sec. 

o  +  to  I  or  2 

.250 

7i 

.242 

I3i 

.213 

.193 

17 

.205 

.157 

.110 

20i 

.182 

.152 

.133 

.116 

.099 

27 

.171 

.130 

.119 

.081 

.072 

3oi 

.163 

.107 

.099 

•        •••••• 

34 

.153 

37i 

.152 

.096 

.083 

.069 

41 

.144 

.093 

48 

.132 

.080 

.070 

54 

.106 

.045 

60 

.072 

.063 

.058 

While  these  results  are  unquestionably  more  nearly  correct  than  any  other  existing 
evidence,  there  is  considerable  room  for  doubt  as  to  the  exact  values  given. 

Table  113. 
Coefficients  of  Friction  of  Skidded  Wheels. 

[As  determined  in  the  Galton-Westinghouse  Experiments.    See  Table  iia.] 


Velocity. 

Coefficient 

of  Friction. 

Miles  Per  Hour. 

Steel  Tire  on 

Steel  Tire  on 

Steel  Rail. 

Iron  Rail. 

0  + 

.242 

.247 

7 

.088 

.095 

13 

.072 

.073 

27i 

.070 

34 

.065 

.070 

41 

.057 

52 

.040 

.060 

54 

.038 

60 

.027* 

*  mean  ot  tJiree  tests  only. 


*«j 
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these  experiments  frequently.    Many  independent  experiments  confirm 
their  essential  truth. 

309.  Assuming  \  as  the  coefficient,  the  resistance  of  the  wheels,  if  slid 
through  all  the  distance  that  they  are  advanced  along  the  track,  would  be 
in  lbs.  per  ton, 

2000  X  i  =  590  lbs. 

As,  however,  on  a  1°  curve,  they  only  slide  through  an  average  of 
.00073  of  that  distance,  the  resistance  arising  from  surface  friction  only 
between  rail  and  wheel  would  be  12  =  2000  X  i  X  .00073  =  0-365  lb. 

This  is  the  curve  resistance  (except  for  error  in  the  co^cient)  that 
can  be  accounted  for  at  slow  velocities,  excluding  flange  friction  and  the 
effect  of  shocks  and  irregularities.  From  the  general  laws  of  friction 
summarized  above,  it  would  seem  probable  that  both  the  surface  and 
flange  friction  would  decrease  with  either  (i)  increase  of  velocity  or  (2) 
decrease  of  radius,  which  has  the  same  effect  to  increase  the  velocity  of 
sliding,  at  any  given  speed. 

In  Appendix  A  will  be  seen  experimental  evidence  tending  to  support 
the  first  of  these  conclusions,  and  by  inference  the  second  also. 

310.  A  third  theoretical  cause  of  surface  friction  has  been  suggested,  viz.: 
Rotative  friction  of  the  wheel  on  the  rail,  due  to  the  fact 
that  it  not  only  slides  but  revolves,  but  its  existence  can- 
not be  conceded. 

It  is  true,  as  claimed,  that  the  actual  contact  is  by  a  '    '    '             ^- 
surface  and  not  a  theoretical  point  or  line;  but  although  the  ■    .    , 
wheel,  in  moving  through  an  infinitesimal  distance  AB,  \^^\ 
Fig.  28,  is  actually  rotated,  yet  as  this  takes  place  simul- 
taneously with  the  other  sliding  its  effect  is  simply  to  de-  ^'°'  **' 
crease  the  velocity  on  one  side  of  the  center  of  contact  by  as  much  as  it  in- 
creases it  on  the  other  side. 

311.  Flange  Friction. — ^We  have  seen  that,  at  each  Instant  of  time, 
the  truck  rotates  through  a  minute  angle,  turning  as  it  were  on  one  or 
the  other  of  its  rear  wheels.  A,  Fig.  25,  as  a  pivot;  the  other  three  wheels 
sliding  on  the  surface  of  the  rail  in  the  direction  indicated  by  the  dotted 
lines.  The  force  which  causes  this  rotation — the  only  force  which  exists 
to  do  so — ^is  the  reaction  or  pressure  of  the  rail  against  the  flange  of  the 
front  outer  wheel. 

It  is  necessarily  follows  from  this  fact  that,  assmning  that  the  coefficient 
of  friction  is  not  affected  by  the  velocity  of  sliding,  this  pressure  or  reac- 
tion is  always  the  same  on  curves.    For,  however  easy  the  curve,  { 
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minute  sliding  motion  is  continuously  taking  place,  caused  by  the  reac- 
tion of  the  flange  ;  and  -le  static  force  or  pressure  required  to  slide  one 
body  on  another  throuf^'i  an  infinitesimal  distance  is  sufficient,  if  con- 
tinuously applied,  to  slide  it  through  any  distance  whatsoever.  The 
POWER  CONSUMED  varies  with  the  degree  of  curvature,  because  powers r 
energy  of  any  kind  is  measurable  only  by  a  double  unit,  the  force  applied 
X  the  distance  through  which  it  acts.  The  latter  tihe  distance),  we  have 
already  seen,  varies  with  the  degree  of  curvature,  and  hence  the  power 
consumed  does  also :  but  the  static  force  applied  does  not  vary  with 
the  degree  of  curvature. 

This  very  important  distinction  is  one  which  should 

be  clearly  comprehended  and  kept  in  mind.     A  very  mis- 

taken  idea  is  too  prevalent  that  the  flange  pressure  as  well 

irve  resistance  increases  with  the  degree  of  curva- 


An  apparent  contradiction  to  this  statement  is  the 
well-known  excess  of  flitnge  wear  on  sharp  curves,  bat 
this    is  rather  a    confirmation.     The    greater    distance 


Blidden  througli  produces  the  greater  wi 
313.  The  front  outer  wheel  alone  has  i 


ar.  not  greater  pressure, 
s  flange  normally  in  contact  with 
the  rail.  The  (orces  acting  upon 
the  front  outer  wheel  are.  fim, 
the  load,  L,  Fig.  29,  resting  upon 
it,  acting  vertically  downward ; 
secondly,  a  horizontal  pressure 
against  the  rail  sufficient  to  slide 
three  wheels  (see  Fig.  25,  -pugit 
2S6),  each  loaded  with  L. 

Assuming  a  coefficient  of 
sliding  friction  of  o.i;,  this  late- 
ral  force  amounts  to  0.75  L,  and 
the  resultant  in  magnitude  and 
direction  of  these  ttvo  forces  is 
shown  in  Fiff.  29. 

313.  The    manner  in  which 

P,o.  30.  the  various  forces  thus  mea»- 

ured  will  act   is  not  dnubtful 

in  theory,  and  we  have  their  footprints  on  the  rails  tliemselves  to  assure 

us  that  theory  and  practice  correspond.     Instead  of  the  pressure  on  the 

rail  being  vertical,  as  in  Via.  30.  ie  have  the  conditions  and  the  relative 
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position  of  rail  and  whrsl  shown  in  Fig.  31.  Figs.  31  to  41  give  a  neries 
of  rail  sections  selected  I.  )m  a  great  number  talcen  bjr  the  writer  on  the 
Atlantic  &  Great  Westi^'-n  (now  New  York.  Pennsylvai^ia  &  Oliio)  Rail- 
road, showing  the  wear  which  actually  results  from  the  c:^n<]iti'ias 
watched.  Tliey  were  exact  copies  originally,  to  full  scale,  and  are  i-rw 
reduced  one  half. 

t^ig-  30  is  a  hiilf-scale  section  of  a  new  flange  and  rail  section  Oi  ordi- 
nary form  (they  vary  somewhat  in  outline,  but  that  is  unimportant)  in 
their  natural  relative  position  on  a  tangent.  Fig.  31  shows  the  same  new 
Xi  flange  and    rail  section    in 

their  natural  relative  posi- 
tion ON  ANY  CimvE  WHAT- 
EVER, however  sharp  or  flat. 


Fig.  1 


The  tread  stands  entirely  tree  of  the  top  of  the  rail,  the  surfaces  in  con- 
tact being  neither  the  Horizontal  tread  nor  the  vertical  flange,  but  the 
curved  surfaces  which  are  Perpendicular  to  the  resultant  shown  in  Figs. 
29  and  31.  To  understand  thii  'et  the  reader  turn  Fig.  31  around  diag- 
onally until  the  diagonal  sianos  in  a  vertical  position,  and  let  him  con- 
ceive it  to  represent  the  vertical  fnrce  of  gravity  alone.  He  will  tee  that 
the  wheel  would  naturally  take  this  position— as  naturally  as  a  wheel 
shaped  like  Fig.  42  rolls  on  th:  central  curved  surface  instead  of  the 
side  surfaces. 

314,  The  consequences  o(  this  condition  of  things  are  these: 
First.  The  disproportion  in  the  diameter  of  the  wheels;  hence  tbe 
necessary  longitudinal  slipping,  and  hence  the  curve  resistance,  is  materi- 
ally incieased.     If  tlie  increase  of  radius  of  wheel  be  -ff  inch,  the  extra 
distance  slipped  through  per  station  of  100  feet  by  one  wheel  will  be  1. 16 
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feet;  which,  by  referring  to  Table  109  on  page  286,  will  be  seen  to  be  as 
much  as  occurs  on  the  surface  of  the  rail  on  a  4*  curve.  This  increase, 
it  follows  from  what  has  preceded,  is  constant  for  all  curves,  and  thus 
tends  to  disproportionately  increase  the  resistance  of  easy  curves.  But 
precisely  how  much  the  resistance  thus  arising  may  be  with  new  wheels, 
it  is  profitless  to  inquire,  because, 

Secondly^  The  inner  angle  of  the  wheel  and  the  outer  comer  of  the 
rail  is  gradually  worn  away,  the  greatest  wear  being  always  on  the  comer 
of  the  outside  rail  and  in  the  direction  of  the  resultant  (see  Figs.  32  to 
41),  on  curves  of  all  radii. 

The  rapidity  of  wear  depends,  not  upon  the  pressure,  which  is  coa 
stant  on  all  curves,  nor  (to  any  marked  extent)  upon  the  angle  of  wheel 
to  rail,  but  upon  the  amount  of  sliding  which  takes  place — or,  in  other 
words,  varies  directly  as  the  degree  of  curvature. 

315.  Finally,  from  the  effect  of  these  causes  we  have  a  still  further 
change  of  conditions,  viz.: 

Thirdly,  As  the  wear  proceeds,  the  surfaces  in  contact  become  larger 
and  larger,  and  this  introduces  a  further  source  of  slippage,  rail  wear  and 
curve  resistance,  the  ultimate  form  of  which  is  shown  in  Fig.  41.  That 
particular  section  was  taken  from  a  16*  curve ;  but  the  outer  rail  on  all 
curves,  of  however  long  radius,  tends  to  take  precisely  the  same  form  in 
the  end.  Thus  in  some  similar  sections  to  those  shown  in  Figs.  32  to  41, 
on  the  Pennsylvania  Railroad,  rails  from  4*"  curves  after  sustaining  nearly 
four  times  the  tonnage  of  the  rails  shown  in  Fig.  34,  were  in  even  worse 
condition  than  the  rail  from  a  16''  curve  shown  in  Fig.  41. 

In  a  rail  worn  like  Fig.  41.  the  true  bearing  surface  on  which  the 
wheel  rolls  (compare  Fig.  31)  is  directly  on  the  corner,  and  the  rubbing 
surfaces  above  and  below  are  revolving  in  a  circle  of  nearly  ^inch  longer 
radius,  the  average  of  the  whole  surface  being  nearly  if  not  quite  \  inch. 

It  necessarily  results  from  this,  that  while  the  wheel  is  rolling  through 

any  distance  its  surfaces  slip  on  the  rail  through  — ~  or  ^  of  that  dis- 
tance; =  1.51  feet  in  100. 

316.  The  coefficient  of  friction,  moreover  fas  well  as  rail  wear),  with 
such  large  surfaces  in  contact,  is  probably  considerably  larger  than  when 
the  bearing  is  on  a  mere  point,  as  in  the  unworn  rail.  Fig.  31 ;  for  the 
formerly  accepted  '•  law"  that  friction  is  independent  of  the  areas  in  con- 
tact has  been  proven  untrue  for  lubricated  and  still  more  for  unlubri- 
cated  surfaces,  as  was  found  out  practically  long  since  with  brake-shoes. 
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greater  per  degree  on  easy  curves  and  at  slow  speeds,  as  shown  in 
App.  A. 

322.  This  completes  our  analysis  of  the  forces  originating  and  acting 
within  the  truck  itself,  which  are  the  only  ones  of  importance.  Let  us 
see  what,  if  any,  effect  the  forces  acting  upon  che  car  body  and  train  as  a 
whole  have  to  modify  this  result. 

Centrifugal  force  and  superelevation  act  upon  the  car  as  a  whole; 
and  their  effect  is  communicated  to  the  truck  through  the  centre-pin  oi* 
side-bearings. 

The  centrifugal  force  C  in  lbs.  per  ton  of  any  body  moving  at  V  miles 
per  hour  on  a  D"*  curve  we  have  already  found  to  be  (eq.  (3),  par.  271), 

C  =  x)2335  VD, (I) 

from  which  Table  106,  page  270,  was  computed. 

323.  The  superelevation  of  the  outer 
rail  creates  a  force  tending  to  draw  the 
car  inward  and  to  counteract  the  cen  • 
trifugal  force.  The  weight,  by  a  well- 
known  mechanical  law  (Fig.  44),  bears 
the  same  ratio  to  this  force  as  g^  Fig. 
43,  does  to  the  superelevation  e.  On  a 
4  ft.  8i  in.  gauge  (say  4  ft.  i(4  ^n.  centre 
a/  i^'*'*^*^^/        to  centre  of  rail)  it  amounts,  therefore; 


Fig.  43. 


Fig.  44. 


in  lbs.  per  ton  per  inch  of  superelevation,  to    g       x  2000  =  34.04  lbs. 

The  maximum  amount  of  elevation  which  is  ever  to  be  found  on  rail- 
ways is  about  8  inches,  creating  a  force  of  272.32  lbs.  per  ton.  Many 
roads  limit  it  to  6  inches,  or  204.24  lbs. ;  but  we  may  for  safety  assume 
the  maximum  to  be  10  inches,  or  340.4  lbs.  per  ton. 

Comparing  this  with  Tables  106  and  107,  it  will  be  seen  to  just  about 
balance  the  centrifugal  forces  at  what  is  marked  as  the  maximum  sale 
speed,  according  to  usual  practice,  on  various  curves. 

324,  To  determine  the  effect  o!  these  forces  on  curve  resistance,  let 
us  assume  the  extreme  case — that  the  maximum  superelevation  is 
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tirely  unbalanced  by  centrifugal  force.    This  is  the  utmost  limit  that 

safety  permits. 

The  first  effect,  with  the  centre  of  gravity  in  the  position  shown  in 

39 
Fig.  43»  is,  by  well  understood  mechanical  laws,  to  tiirow  — r  or  about  70 

per  cent  of  the  load  upon  the  inner  rail,  leaving  only  30  per  cent  on  the 
outer  rail.  This  increase  of  load  will  compress  tlie  springs  on  the  inside 
and  by  the  further  tipping  of  the  car  body  cause  the  inside  rail  to  carry 
tliree  fourths  or  more  of  the  total  load. 

The  second  effect  is  to  confine  all  longitudinal  slipping  to  the  outside 
wheels  as  being  the  most  lightly  loaded.  This,  however,  we  liave  seen  to 
be  the  case  with  the  front  axle  under  any  ordinary  circumstances.  The 
lateral  slip  of  tlie  front  axle  is  of  course  not  affected. 

The  third  effect,  resulting  from  the  combination  of  the  atiove  causes. 
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PlO.  45. — FUOKT  OUTBIt  WkI 

(The  higher  rectangle  shows 
the  conditions  without  supereleva- 
tion; the  smaller  rectangle,  with 
superelevation.) 
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Fig.  46.— Rear  Outer  Whsbl. 


Fig.  47.— Both 
Inner  Wheels. 


is  to  change  the  magnitude  and  direction  of  the  forces  acting  on  each 
wheel  in  the  manner  shown  in  Figs.  45  to  47,  in  which  the  solid  lines 
show  the  magnitude  and  direction  of  the  forces  already  determined, 
independent  of  the  superelevation. 

Or,  in  other  words,  taking  from  Table  109,  page  286,  the  slippage 
which  regularly  takes  place  in  a  5-foot  wheel-base  on  a  10°  curve,  we 
have — 


Slippage  in  feet 
per  foo  feet. 

Increase  of  Load. 

New 
Slip. 

Rear  inner  wheel 

"     outer      "     

Front  inner    "     

"     outer    ••     

0.00 
0.82 
0.89 
1. 21 

50  per  cent,  increase. 
50   "      "      decrease. 
50   "      "      increase. 
39    "      "      decrease. 

0.00 
0.41 

'•33 
.74 

Total  amount 

2.92 

15  per  cent,  decrease. 

2.48 

y 
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The  further  resistance  from  flange  friction  on  the  front  outer  wheel 
(as  also  flange  rail  wear)  should  also  be  diminished  about  39  per  cent. 

325i  We  thus  see  grounds  for  believing  that  the  general  effect  of  even 
an  extreme  amount  of  unbalanced  superelevation  may  be  to  somewhat 
decrease  the  resistance,  but  not  to  any  important  extent ;  and  with  the 
ordinary  and  proper  limit  of  6  or  7  inches  superelevation,  partially 
balanced,  as  it  always  is  in  practice,  by  centrifugal  force,  the  effect  be* 
comes  almost  insignificant  one  way  or  the  other,  although  still  apparently 
to  decrease  the  resistance  so  far  as  it  has  any  effect  at  all.  On  the  other 
hand,  a  similar  computation  to  the  above  as  to  the  effect  of  an  unbalanced 

centrifugal  force  will  indicate  that  it  has  a  very 
r-^  "j2?Tt.      similar  and   equally  inconsiderable  effect  to  in- 

I  \^  I  crease  the  resistance.      Fig.  48  shows  the  most 

I  .  ij^'S',— — ttooo       objectionable  effect  from    excess  of  centrifugal 

I     i\\.a  "^         force.     (See  par.  327.) 

326.  Let  us  now  see  what  effect  such  unbal« 
anced  forces  do  not  have.  They  do  not  alter  in 
any  manner  whatsoever  the  position  of  any  of  the 
wheels,  nor  can  they  by  any  possibility  do  so»  it 
would  appear,  until  the  centrifugal  or  centripetal 
BAuS'cBD "cwfTRiruGAL  forcc  bccomcs  a  force  so  great  that  it  would  slide 
Fw"  °Ou?BV"wHBSr  ^^«  w^^e^s  laterally  on  the  track  if  the  car  were 
AGAINST  Rail.  Stand ingf  still  on  the  rails,  which  would  be  when 

(Compare  Figf.  45,  show-  " 

ioff    effect   of    an   equal   the  superelevation  was  equal  to  ine  cofff.  fric.  X 

amount  of  unbalanced  ccn-  ^  .,  i_       .  •      « 

tripeui  force  from  super-  gauge,  ov  at,  say,  i  gauge,  or  about  14  mches. 
f^''*T^Scity^ecIS^lv  "to  ^or  the  force  required  to  slide  a  rolling  wheel  on 
P«:«J"ce  this  amount  of  ccn    the    rail,   either    laterally   or    longitudinally,    is 

neither  greater  nor  less  than  if  the  wheel  were 
standing  still  (unless  there  may  be  some  slight  and  unknown  modifica^ 
tion  of  the  coefficient  of  friction);  and  so  long  as  the  force  is  not 
FULLY  sufficient  to  do  this,  it  has  no  effect  at  all  to  move  the  body.  All 
it  can  do  is  to  increase  or  decrease  the  pressure  of  the  flange  against 
the  outside  rail,  and  this  (within  the  limits  of  safe  and  customary  prac- 
tice) only  to  a  trifling  extent.  This  results  from  an  elementary  mechani- 
cal law  which  has  been  too  readily  lost  sight  of  by  theorizers  on  this 
subject,  that  a  lifting  force  of  1999  pounds  is  as  incapable  of  lifting  a  ton 
as  a  force  of  one  pound. 

327i  The  real  objection  to  too  much  superelevation,  or  to  too  high  Te- 
locity, is  its  effect  u{>on  safety.  Throwing  so  much  weight  upon  one  rail 
and  one  set  of  springs,  is,  if  carried  to  excess,  highly  dangerous,  althougii 
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the  resistance  is  not  in  any  case  very  seriously  affected.  An  excess  of 
superelevation  would  appear  to  be  the  least  evil  of  the  two,  however,  in 
all  respects,  for  we  have  seen  (par.  324)  that  it  has  probably  some  slight 
effect  to  decrease  the  resistance  of  the  slowest  freight  train. 

328t  The  contrary  assumption  is  very  general,  but  it  is  absolutely  unsup- 
ported by  experimental  evidence  so  far  as  the  writer  can  discover,  and  it  cer- 
tainly finds  little  defence  in  theory.  The  truth  is,  that  much  of  the  current  and 
almost  endless  discussion  of  this  topic  among  road-masters  and  even  engineers 
has  its  root  in  insufficient  examination  of  the  mechanics  of  the  problem.  It  is 
ASSUMED  that  the  two  obtrusively  evident  forces,  centrifugal  force  and  its  oppo- 
site, are  the  only  ones  to  be  considered,  and  that  the  truck  is  thrown  against  one 
rail  or  the  other  by  these  forces  according  as  either  force  preponderates.  Yet 
one  has  only  to  watch  the  wear  of  rails  and  the  motion  of  a  truck  around  a 
curve  to  find  that  there  is  some  force  independent  of  either  (which  we  have 
analyzed  at  length)  which  presses  the  outer  wheel  against  the  rail  with  tre- 
mendous force,  however  high  the  superelevation  ;  aiid  from  this  it  follows  that 
it  is  the  effect  of  the  other  two  central  forces  upon  this  force  which  is  the  real 
problem  to  be  considered. 

329.  We  conclude,  therefore,  that  the  centrifugal  and  cen- 
tripetal forces  have  but  a  trifling  effect  on  curve  resistance,  and 
that  the  proper  rule  for  superelevation  is  to  elevate  sufficiently 
to  balance  the  centrifugal  force  of  the  fastest  trains  up  to  a 
maximum  of  six  to  eight  inches.  This  will  slightly  decrease  the 
resistance  and  danger  of  accident  to  freight  trains,  and  greatly 
improve  the  comfortable  riding  of  passenger  coaches,  provided 
always  that  some  uniform  rule  be  followed,  since  almost  any 
rule  is  better  than  none. 

330.  A  third  source  of  possible  curve  resistance,  obliquity  of  trac- 
tion, affects  the  train  as  a  ivliole.  The  conditions  of  the  problem  are 
presented  in  Fig.  49. 

It  may  now  be  considered  as  established  that,  despite  a  prevalent 
impression  to  the  contra- 
ry (which  many  able  engi-  g     r jk 

neers  have  shared),  no  loss  ^^^^^ 

of  power  whatever  occurs  ^^' 

from  this  cause.     Let  OA,     -'' 

Fig.  49,  represent  the  trac-  ^®'  ^ 

live  force  to  be  transmitted  through  .the  coupling  O  to  the  car  B,     As 

there  is  a  change  of  direction  in  the  force  at  O,  it  is  sometimes  claimed 


e 
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that  no  force  OA  can  be  caused  to  act  on  the  following  car  in  the 
changed  direction  OB  without  a  certain  loss  of  tractive  force,  and  hence 
waste  of  energy.  This  position  is  in  both  respects  unsound.  There  is 
no  loss  of  tractive  force  at  each  car  due  to  obliquity  of  traction^  and,  even 
if  there  were,  it  would  not  necessarily  imply  any  waste  of  energy.  It  fol- 
lows that  the  method  of  analyzing  the  strains  by  which  such  position  is 
supported  (which  consists  in  making  the  angle  OCAy  Fig.  49,  a  right 
angle  and  then  taking  the  force  OB  =  AC,  or  less  than  OA)  is  incorrect. 

331.  The  correct  way  of  representing  the  action  of  the  forces  involved 

is  by  the  parallelogram  of  forces  shown 
in  Fig.  49,  which  should  be  constructed 
as  shown,  with  OB  —  OA,  the  force  OA 
being  transmitted  undiminished  through 
O  as  around  a  pulley ;  the  lateral  stress 
OC  having  no  more  effect  to  reduce  the 
force  OB  than  the  stress  OC,  Fig.  50,  has 
to  make  the  force  OB  less  than  OA,  Both 
in  Figs.  49  and  50,  if  the  stress  OC  is  suf- 
ficient to  produce  lateral  motion  in  the 
direction   OC  by  overcoming  the  static 

resistance,  it  will  or  may  consume  power,  and  the  force  OB  may  be  th#^n 
quite  different  from  AO,  but  otherwise  not. 

In  a  train  of  cars,  the  lateral  component  has  only  the  effect  to  mf- 
nutely  increase  the  lateral  resultant  of  the  superelevation,  which  we  have 
just  seen  tends  to  decrease  the  resistance  (if  anytiiing),  but  has  no  effect 
to  change  the  position  of  any  wheel,  or  to  increase  perceptibly  the  pres- 
sure of  the  wheels  against  the  rails. 

Conceive  the  track  to  be  a  complete  circle,  and  the  train  to  com- 
pletely fill  it.  Conceive  the  floor  of  the  cars  to  be  a  rigid  continuous  cir- 
cular platform.  There  would  then  nowhere  be  a  lateral  resultant  of  the 
kind  discussed,  but  no  reason  is  apparent  why  the  curve  resistance  should 
be  either  greater  or  less. 

332.  The  transmission  of  force  from  car  to  car,  through  a  train  on  a 
curve,  is  an  almost  exact  mechanical  parallel  to  the  transmission  of 
power  by  a  rope  or  cliain  over  a  pulley ;  the  rope  being  the  string  of  car 
bodies,  and  the  car  wheels  the  pulleys.  The  fact  that  the  pulleys  are 
carried  by  the  rope  itself,  instead  of  in  a  block  exterior  to  it,  is  a  mere 
ietail  not  affecting  the  mechanical  conditions.  In  either  case  the  loss 
fa'om  such  transmission  is  simply^the  friction  of  the  pulley.  Conceive  a 
chain  made  of  successive  links,  each  carrying  a  pulley  wheel  and  beiny 
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dragged  over  a  large  cylinder  or  succession  of  cylinders,  large  or  small. 
Conceive,  further,  the  rope  to  be  so  long  and  the  friction  of  the  pulleys 
so  great  that  the  whole  power  of  the  prime  mover  is  consumed  in  keep- 
ing the  chain  in  motion  at  uniform  speed.  We  have  here  a  perfect 
mechanical  parallel  to  a  train  in  motion  on  a  curve,  except  for  the  one 
minor  fact  that  the  resultant  of  all  the  forces  acting  on  the  wheels  does 
not,  in  case  of  a  railroad  train,  lie  exactly  (although  it  does  nearly)  in  the 
plane  of  the  wheels  themselves,  whereas  in  the  case  of  the  pulley  wheels 
it  does.  But  no  resistance  arises  at  the  coupling-points  from  "  change  of 
direction,"  or  obliquity  of  traction,  or  from  any  other  source  than  the 
friction  of  the  pulley?  proper  in  either  case.  It  is,  of  course,  true  that 
the  resistance  of  the  rear  pulleys  would  tend  to  press  each  pulley  in  ad- 
vance more  tightly  against  the  surface,  and  so  produce  greater  friction  in 
the  pulley  itself  than  would  otherwise  exist ;  and  similarly  in  the  case  of 
a  railroad  train  it  is  entirely  pertinent  to  prove  that  a  lateral  centripetal 
force  is  produced  by  obliquity  of  traction,  so  that  the  resultant  of  all 
forces  does  not  lie  in  the  plane  of  the  wheel,  and  that  this  fact  produces 
greater  friction.  The  latter,  however, — the  only  possibility  pertinent  to 
discuss, — is  commonly  neglected  in  discussions  which  assume  that  lateral 
resultants  from  obliquity  of  traction  indicate  front  their  mere  existence  a 
loss  of  energy.  FORCE,  i.e.,  static  stress,  is  one  thing,  resistance,  i.e., 
destruction  of  dynamic  energy,  is  another  and  quite  different  thing.  We 
cannot  figure  away  energy  with  a  parallelogram  of  forces,  but  must  prove 
when  and  how,  if  at  all,  it  is  lost  by  additional  friction.  As  a  matter  of 
fact  there  appears  to  be  no  loss,  but  a  trifling  gain,  under  ordinary  con- 
ditions, from  the  fact  that  the  centripetal  tendency  is  increased. 

333.  There  is  so  much  misconception  as  to  this  matter  that  we  may  en- 
deavor to  make  it  still  clearer.  In  Fig.  51  let  the  lines  OOP  represent  the 
axes  of  two  successive  cars  moving  in  either  direction  ;  PP^  the  two  coupling- 
pins;  and  L,  the  coupling-link.  Let 
the  lines  SS  represent  in  magni- 
tude and  direction  the  tensile  force 
acting  upon  the  link  and  tending  to 
rupture  it.  .As  a  matter  of  course, 
these   forces    S  must  be  equal  to  "®*  **• 

each  other,  since  action  and  reaction  are  equal,  and  when  resolved  into  forces 
acting  along  the  axes  of  the  cars  this  makes  the  latter  also  equal.  The  losses 
of  tensile  force  from  car  to  car  occur  at  the  centre  pins  O  of  each  car,  and  not 
at  the  coupling  points  P.  The  tension  on  the  front  end  and  back  end  of  the 
draw  gear  of  any  given  car  is  always  different  by  the  amount  of  the  frictional 
Resistance  of  that  car  ;  but  the  longitudinal  strains,  parallel  with  the  respective 
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axes  of  the  cars,  on  the  rear  draw-gear  of  a  forward  car  and  the  front  draw- 
gear  of  a  rear  car,  are  always  equal  to  each  other  in  magnitude,  alihotigh  differ- 
ent in  direction  by  the  amount  of  the  angle  between  the  axes.  That  is  to  say, 
the  diminution  of  tensile  force  from  car  to  car  is  internal  to  each  car,  and  noC 
at  all  at  the  coupling-point. 

334t  But  the  point  is  not  worth  disputing,  lor  the  loss,  if  it  were 

• 

granted  to  exist,  is  very  small.      Assuming  the  car  body  to  be  30  feet 

long,  the  deflection  angle  OAC^  Fig.  49,  will  evidently  be,  on  a  /?**  curves 

0.3Z?  or  18'  X  D,  and  of  the  tractive  force  /^  (  =  OA,  Fig.  49)  there  will 

be  an  assumed  loss,  which  let  =  Z,  at  each  coupling,  from  obliquity  of 

traction : 

Z  =  -F  (I  —  cos  18')  D  =  o.ooooI6Z>/^ 

The  tractive  force  of  a  Consolidation  engine  is  something  ovef 
20,000  lbs.  at  the  engine  and  zero  at  the  end  of  the  train,  averaging,  say* 
10,000  lbs.    Then  the  loss  per  car  will  average,  on  a  1°  curve, 

Z  =  0.16  lb.  per  car, 
or,  on  a  lo**  curve  with  a  60-car  train, 

Z  =  96  lbs. 
Not  a  very  serious  matter,  certainly. 

335.  We  conclude,  therefore,  as  to  curve  resistance  : 

1.  Obliquity  of  traction  and  the  length  of  the  train  have  no 
appreciable  effect  to  modify  curve  resistance. 

2.  Centrifugal  force  within  the  limits  of  practice  has  but  lit- 
tle effect  on  the  resistance,  but  that  little  is  to  increase  it. 

3.  Centripetal  force  from  superelevation  within  the  limits  o£ 
safe  practice  has  but  little  effect  on  the  resistance,  but  that  little 
is  to  reduce  it 

4.  The  best  rule  for  superelevation  is  to  elevate  for  the  fast* 
est  regular  speed  up  to  a  maximum  limit  of  6  to  8  inches  in  alL 

5.  Rail  wear  and  curve  resistance  over  rails  in  the  same  con- 
dition are  as  nearly  as  may  be  directly  as  the  degree  of  curva* 
ture,  with  some  minor  elements  which  are  independent  of  radius. 

6.  Rail  wear  and  curve  resistance  are  appreciably  less  with 
new  rails  than  with  old,  and  become  greater  as  the  outer  rail  is 
worn  away  to  the  shape  of  the  flange. 

7.  The  pressure  of  the  flanges  against  the  rail  is  the  same  on 
all  curves  independent  of   radius,  but  the   wheel  stands  at  • 
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greater  angle  to  the  rail  as  the  curve  is  sharper,  and  likewise  is 
sliding  ifaster  on  the  surface  of  the  rail,  increasing  the  danger  of 
derailment  correspondingly,  by  some  unknown  amount,  but  not 
nearly  in  proportion  to  the  degree  of  the  curve. 

8.  The  lowest  probable  limit  of  curve  resistance  at  ordinary 
freight  speeds  and  in  ordinary  curves  is  about  \  lb.  per  ton 
per  degree  of  curve,  with  all  in  perfect  order.  With  worn  rails 
and  somewhat  rough  track  it  may  be  as  high  as  f  lb.  per  ton. 

9.  While  so  obscure  a  point  cannot  be  considered  as  estab- 
lished by  the  existing  experimental  evidence,  all  the  more  trust« 
worthy  existing  evidence  seems  to  combine  with  theory  to  indi- 
cate that  curve  resistance  per  degree  of  curve  is  very  much 
greater  on  easy  curves  than  on  sharp  curves  ;  so  that  when  the 
resistance  is  i  lb.  per  ton,  for  example,  on  a  1°  curve,  it  may  be 
6  to  8  lbs.  per  ton  on  a  10°  curve,  and  not  more  than  15  to  18 
lbs.  per  ton  on  a  40°  to  50°  curve.     (See  Appendix  A.) 

10.  It  may  be  considered  established  that  curve  resistance  ii 
affected  somewhat  by  the  speed,  and  probably  by  a  very  consid* 
able  percentage;  so  that  if  the  curve  resistance  in  motion  be 
i  lb.  per  ton  it  may  be  as  high  as  i  lb.  per  ton  on  worn  rails, 
for  speeds  of  less  than  4  or  5  miles  per  hour,  or  for  the  first 
train  length  or  thereabout  in  getting  under 

way.    As  a  stoppage  on  any  curve  is  always   ^on^f^cf/naf Sflp, 
a  possibility,  this  contingency  should  not  be 
forgotten  when  reducing  grade  on  curves,  es- 
pecially near  possible  stopping  points. 

11.  The  beneficial  effect  of  the  narrower 
gauge  is  small  with  the  same  length  of  wheel- 
base.  With  a  3-ft.  gauge  as  against  a  4.7-ft. 
gauge,  with  a  wheel-base  of  4.7  ft.,  it  is  about  fig.  5a.— Effkct  6p  Dif- 

, •  FERBNCB     OF     GaUCS    ON 

/  ^1  \  ^4-7  +4-7  6.647  «  Curve  Resistance, 
as     (not    exactly    as)     — ^-^ —  = —-  =  4-       Length  of  Whebl-bass 

/V   +   4.7*  5-570  remaining  THE  SAME. 

«>      IT'/  **  *'  (The    comparative   Blip- 

less,  as  outlined  in  Fig.  52.    With  a  wheel-base  P!;?^**^^^^™**'^*,™' 

o   •'  jrivcn    distance    is   repre- 

II 0. 7  2  sented  by  the  two  diagonals 

3f  2g  the  gain  is  only ^  =12  per  cent  less.  ™a«^ked  n.  g.  and  st  d,  c.) 

If,  however,  the  length  of  wheel-base  decreases  with  the  gauge 
20 


longftutUit^Sfii 
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the  gain  is  directly  as  the  gauge.  All  the  preceding  refers  only 
to  the  surface  friction  on  the  top  of  rail,  flange  friction  being 
much  less  affected. 

12.  Increasing  the  length  of  wheel-base, 
say,  from  gauge  to  2  gauge  increases  curve  fric- 
tion as  outlined  in  Fig.  53,  in  the  ratio  of 

2*236 

— ii—  =  58  per  cent 

1.414 

336*  Perhaps  the  best  existing  experimental  confir- 
mation of  the  eleventh  conclusion  above  is  to  be  found 
in  some  delicate  experiments  on  models  by  Mr.  Reuben 
Wells  (Rept.  Am.  Ry.  M.  M.  Assoc.,  1876),  which  have  at- 
tracted  far  less  attention  than  their  merit  deserves.  While 
no  one  test  of  any  kind  can  be  considered  decisive,  the  tests 
do  afiford  an  indication  which  is  perhaps  more  delicate  and  re- 
liable as  a  test  of  principle  than  could  easily  be  made  with  the 
actual  rolling-stock.  With  trucks  representing  to  ^  scale  a 
wheel-base  of  4  ft.  10  in.  and  gauges  of  3  ft.  and  4  ft.  8^  in.  on 
a  curve  representing  to  the  same  scale  one  of  300  ft.  radius 
and  273  ft.  long,  gravity  being  the  impelling  force,  Mr.  Wells 
found — 


Fig.  53.  —  Effbct 

OF     DlFFBKKKCa 

or    Lkmgth   or 
Whkkl-basb  on 

CUBVK       RbSIST- 
AMCB,     G  A  U  G  a 
KKMAINIKG     THB 
SAME. 


speed. 
Miles  Per  Hour. 

576 

7.59 
10.12 

16.70 


Resiiunce ;  lb«.  per  ton  (actual). 
St.  G.  N.  G.  p.  c.  of  N.  G. 

46.80  39- 14  83.6 

48.96  41.66  85.1 

45  76  41.66  91.0 

68.20  64.40  96.0 


(By  formula  above 
^/gaug^  +  y»h€et  has^ 
the  per  cent  of  N.  G. 
should  be,  uniformly, 
82.7  p.  c 


If  we  consider  that  in  these  observed  resistances  the  normal  Ungent  roll 
mg  friction  is  included,  whereas  in  the  formula  it  is  not.  the  two  correspond 
wonderfully  closely,  indicating,  however,  that  the  absolute  amount  of  rarve 
resistance  decreases  with  the  speed — which  is  probable  from  other  reasons. 
The  tests  were  made  by  raising  the  track  to  a  grade  which  would  give  the  de- 
sired velocity  and  the  resistances  in  lbs.  per  ton  deduced  therefrom.  The  high 
Absolute  amount  of  the  latter,  compared  with  normal  rolling-stock  resisuuice, 
should  not  be  allowed  to  convey  an  impression  that  the  models  were  rougli. 
On  the  contrary,  they  show  that  it  was  very  delicately  constructed,  as  the  re- 
sistances /rr  ton  of  its  actual  weight  are  but  little  more  than  three  times  wbat 
might  be  expected  with  fully  loaded  cars,  which  is  even  less  than  the  probable 
Jifference  m  coefficient  of  friction  due  to  the  difference  of  load. 

Mr   Wells's  pnmary  purpose  in  undertaking  these  tests  was  to  determine 
60W  much  there  might  be  in  ih«  alleged  theoretical  advantages  ctf  <oose  wheels 
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[or  pusliiK  curve*.  He  fonnd  that  in  no  cue  wu  much  gained,  while  in  some 
cues  the  loose  wheels  were  a  posiLive  liisadvaniagc.  The  preceding  theoreti- 
cal discussion  of  the  mechanics  of  curve  resistance  maj  be  readiljr  tliown  to 
point  directly  to  the  same  conclusion,  and  almost  to  Mr.  Wells's  identical  6g- 
ures,  had  it  appeared  expedient  to  extend  this  discussion  for  that  purpose. 

337>  The  late  Barun  Von  Weber,  whose  greki  services  to  the  cause  of 
science  entitle  anylbing  vouched  for  by  him  to  a  presumption  in  iu  favor, 
gave  currency  la  a  very  absurd  formula  in  respect  to  curve  resistance,  which 
has  been  quice  extensively  quoted  as  trustworthy,  as  it  was  alleged  to  rest  on 
some  extensive  and  elaborate  experiments.  This  formula  gave  the  total  resist- 
ance as  a  (unction  of ,  R  being  the  radius  in  metres.     This  formula 

*-  55 
give*  resistances  increasing  much  faster  than  the  degree  of  curve,  instead  of 
slower,  as  we  have  found;  the  results  varying  (rom  a  resistance  of  o.S  lb.  per 
net  ton  per  degree  for  a  curve  of  1000  metres  radin*  (3310  ft.,  or  1*  44')  to  a 
resistance  of  t.67  lbs.  per  net  ton  per  degree  for  curves  of  too  metres  radius 
(331  ft,  or  17°  10').  Bui  by  extending  the  formula  to  a  liltle  sharper  curvet  il* 
untnislworlhy  and  absurd  nature  is  at  once  seen.  For  a  curve  of  60  metres 
radius  (ig7  ft.)  we  obtain  a  resistance  9,45  limes  as  much  per  degree  as  on  a 
curve  of  1000  metres  radius,  and  for  a  curve  of  55  metres  radius  or  less  an  in- 
finite resistance.  As  the  curves  of  the  New  York  elevated  railways  are  of  less 
than  30  metres  radius,  and  as  ordinary  American  engines  were  operated  over 
a  curve  of  50  ft.  radius  for  some  lime  without  accident  or  delay,  on  the  United 
States  Military  Railroads  in  the  late  war,  this  is  hardly  a  rational  result 

33a>  A  new  and  dangerous  doctrine  has  lately  been  advanced,  in  a  aeml- 
oflicial  manner  which  has  given  it  wide  currency  as  a  conclusion  of  the 
Master  Car  Builders'  Asscclalion,  al- 
though it  was  in  no  sen^e  such  in  fact, 
viz.,  that  Lhe  earners  a[  rails  should 
be  rolled  10  a  larger  radius  (}  inch)  so 
as  ta  exactly  fit  ihc  radius  of  the  fillet 
or  interior  corner  at  lhe  flange,  instead 
of  the  two  being  of  quite  dissimilar 
radius,  as  in  Fig.  31,  which  shows  the 
more  usual  and  the  only  proper  prac- 

These  conclusions  were  expressed 
in  an  otherwise  able  paper,  by  M.N.  Fio.  «, 

Forney.  Secretary  of  the  Association   ■■  ¥^'.* R^.ir.rSf  i^.Sl^^'wJ^r^d'^^ 

IJeT'  waf b^c'^dTan  'tlVcla'm  .'a't  SV^'^"''""^'^"'^''''''^''^'  ** '"^ 
the  usual  form  nf  rail  anil  flange,  such  as  is  shown  in  Figs.  30  and  31,  causes 
%arp  flanges,  producing  wear  such  as  is  outlined  in  Fig.  S4  i  the  comer  of  the 
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■  *  — —  » 

rail  wearing  to  a  larger  radius,  and  the  fillet  of  the  flange  to  a  smaller  radios, 
thus  producing  sharp  flanges. 
The  facts  are : 

1.  (See  Table  114.)  Only  a  very  small  percentage  of  wheels  ever  get  sharp 
flanges,  and  there  are  never  two  sharp  flanges  on  one  axle ;  showing  that  some 
mechanical  defect  of  wheel  or  truck  (usually  the  latter)  is  the  chief  cause  of 
sharp  flanges,  and  not  some  general  cause  acting  upon  all  wheels  alike. 

2.  Except  in  the  one  case  of  the  outside  rail  on  curves,  rails  invariably  wear 

to  a  much  smaller  comer  radius,  as  in  Fig.  55.  re> 
produced  from  an  example  of  wear  in  Mr.  Forney's 
paper  (see  also  Figs.  32  to  41),  and  never  in  the 
manner  outlined  in  Fig.  54. 

3.  In  the  one  case  of  the  outside  rail  on  cnnres 
the  rails  do  finally  wear  away  in  something  like  the 
Fio.  55.  manner  outlined  in  Fig.  54.  until  the  side  of  the  rail 

takes  almost  the  exact  form  of  the  flange,  as  in  Fig.  41.  but  there  is  then  much 
more  friction,  more  rapid  wear,  and  more  danger  of  derailment  than  when  the 
rails  are  new,  as  in  Figs  31  or  54  :  because,  although  the  bearing  surface  is 
small  in  the  latter  case,  it  is  subjected  to  only  rolling  wear,  whereas  if  the 
flange  fits  all  around  the  rail  corner  the  additional  bearing  surface  is  exposed 
to  rubbing  friction.     (See  par.  313  etseq^ 

339.  Imagine  a  heavy  sphere  rolling  down  a  plank,  as  in  Fig.  56.     It  K»^  a 

^^  ^^-^^^  ^^n"  5maII  bearing  surface,  yet 

^^^^  ^.^^k  '"^  aJ<J:t!ORal   bearing  surface 

^^^^P  ^Bl^y  which  m:ght  be  gained  by  mro- 

3[Pf  ^^gg^^^^^^  MMir^i  ^^^  ^^    p'ank   into    a    tron^ 

Lp  il^J^-^         'cxAc^y    fi:tir^*    the    sphere 

Fic  5*.  wcc!d    r!A:n!y    prodoce    incfte 

friction  and  more  wear,  rather  than  lessL     The  sasse  c^:Mi:i:oas  obcain  in  Fi^. 

S4.  where  the  material  outside  the  dotted  *ine&  whscb  i;  is  prv^pcoed  to  remove 

in  first  manufacture,  is  really  *'  prec:oas  metal.'"  serving  :o  lc«£g  ptcetpooe  the 

iay  when  the  rail  and  flarge  fit  as  Fl^.  41.  ar^i  a  very  r&r-Si  rare  of 

tl»e  metal  outside  the  dotted  lines  is  F:*:   54  wil'.  rr^^ire  a:  jeass  fimr  xtt 

great  a  tonnage  to  wear  :i  away  as  w:U  be  T¥'q;:-.r?'i  :.-^  wear  away  an  equal 

weight  of  metal  after  is  is  gone.     Mc^reovcr.  ibe  wear  .^f  f^irtge  CGtiised  m  Fijp. 

54  never  takes  p!ace  a:  al!  except  :a  a  verv  snail  rerrer.t*^  cf 

{3  to  6  per  cert  s  indicaziag  that  at  s  sot  ^ae«  wbec  ::  ^^es  take  piaoe.  id 

form  of  ibe 


340.  Wbat  socni  practice  woali  sees  tc»  rc^prc,  tbereicce,  «: 

I.  The  treai  of  the  wbeel  sb.->;::c  bare  jorw':!:::^  :be  f.-c=t  .->.:  Fip.  57, 
±z^  of  a:  jcast  |  :c  ,  :ss»ai  cc  Use  r  in  rai -as  wbjci  Mr. 
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Tecom mended,  and  the  f-in.  radius  which  the  Master  Car-Builderi'  AtaoeiatioD 
have  unfortunately  adopted  as  standard. 

a.  The  Dtigii)al  corner  radius  of  the  rail  should  be  liltle  if  any  greater  than 

In  this  najt  we  Shall  postpone  as  long  as  possible  the  evil  da;  when  the  nil 
and  wheel  will  not  simply  roll  upon  but  grind  into  each  other. 

341.  The  deleterious  effect  of  having  the  corner  of  the  rail  of  larger  radius 
than  the  fillet  of  the  flange  is  clearly  visible  in  Fig.  sS-  When  any  lateral 
flange  pressure  arises  from  [^ 
the  passage  oF  a  curve  or 
other  cause,  instead  ol  the 
beantig  surfaces  being  able 
to  still  maintain  the  merely 
rolling  contact  of  minimum 
wear,  as  outlined  in  Figs.  31 
and  59.  ive  have  the  rubbing 
side  contact  shown  in  Fig.  58, 
sure  to  produce  rapid  side 
wear,  in  addition  to  the  usual 
top  sliding  and  wear.  This 
has  actually  resulted  with 
rails  of  such  form.  On  [he 
Lehigh  Valley  and  on  the 
parts  of  the  Pennsylvania  laid 

with  its  new  rail  section  of  |  Yvi.  jg. 

in.  corner  radius,  both  rails, 

on  both  curves  and  tangents, are  badl]r  worn  far  down  the  side  of  the  rail,  as  if 
laid  very  tight  of  gauge,  whereas  with  rails  ol  the  usual  form  this  never 
results,  however  old  or  worn  the  rails,  except  on  the  outside  rail  of  curves. 

343.  Mr.  M.  N.  Forney,  in  the  paper  above  referred  to  (par.  338),  gives  the 
best  existing  evidence  as  to  the  eflect  of  coning  on  the  natural  path  of  trucks 
having  parallel  axles.  He  experimented  with  an  apparatus  such  as  is  shown 
m  Fig.  60.  To  determine  positively  if  these  results  were  correct,  the  writer 
has  since  constructed  and  tested  a  model  of  quite  diSerent  form  with  closely 
similar  results. 

Mr,  Forney's  model,  compared  with  a  full  sited  truck,  was  made  to  a  scale 
»r  ^  in.  =  I  foot,  or  ^  of  full  site.  The  wheels  on  each  axle  represented  full- 
siied  wheels  of  34^  and  31!  in.,  or  a  difference  of  3  in.  Id  diameter.  The 
radii  of  the  actual  path  of  the  model,  with  wheels  set  at  various  distances  apart, 
are  shown  in  Fig.  61.  Converting  all  the  dimensions  of  the  model  and  the 
results  of  the  experiments  into  the  full  site  which  they  represented,  they  in- 
dicate that  a  single  pair  of  wheels  on  the  tame  axle,  with  a  difference  of  3  in 
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ill  their  diameti 
vheels,  if  ihe 
following 


ill  roll  in  &  carve   of   %%\  ft.  radius.     Two  pairs  of  such 
axles  are  held   parallel,  ai   in   the   model,  would   roll   In   the 


lei  3  ft.  apart  will  roll  li 


174* 
?Si 

337* 
479 
643i 


"  %l\^-^m^^^^- 


With  an  average  contng  o(  -f^  in.  in  the  length  of  the  tread,  and  an  averag* 
play  in  the  gauge  of  )  in,.  i*e  find  about  ^  in.  to  be  the  difference  of  diameter 
Ithich  ordinary  coned  car  wheels   can  have,  assuming  that  both  wheels  stood 
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close  to  the  outside  rail,  which  they  do  not  (see  Fig.  20  and  par.  294).     This 
would  correspond  to  results  in  actual  practice  as  follows  : 

Axles  3  ft.  apart  will  roll  in  a  curve  of  2.572  ft.  radius. 


4 

5 
6 

7 
8 

9 
10 

ff 

3.513 

5.107 

6,700 

9.638 

12,969 

18,393 

24,700 

Causae,  a. 35  in. 

^ic.  61. — Radius  of  Path  op  WiiRBL-BAss  shown  in  Fig.  60,  with  Whbbls  skt  at  Vauous 

Distances  apart,  as  shown  along  the  Basb-linb. 


These  figures  indicate  that  even  under  the  most  favorable  possible  circum* 
Btances  coning  can  have  little  effect  to  facilitate  the  passage  of  curves. 

343s  Having  now  investigated  the  nature  of  rail  wear  on 
Lurves  and  the  causes  of  curve  resistance,  we  are  better  prepared 
to  take  up  and  estimate  at  their  true  worth  the  positive  objec- 
tions to  curvature,  as  summarized  at  the  beginning  of  this  chap- 
ter, which  are  : 

1.  The  direct  cost  of  curvature  of  various  radii;  that  is 
to  say,  the  greater  wear  and  tear  of  road-bed  and  rolling-stock, 
and  the  greater  consumption  of  fuel. 

2.  The  limiting  effect  of  curvature  on  the  weight  and 
length  of  trains. 

A  moment's  consideration  will  show  that  these  two  causes 
of  expense  are  sharply  defined  from  each  other.  For  every 
curve,  whether  sharp  or  fiat,  and  wherever  situated,  must  cause 
a  certain  amount  of  wear  and  tear  and  waste  of  power,  although 
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it  may  not  cause  any  shorter  trains  to  be  hauled,  which  is  its 
DIRECT  effect  on  expenses;  but  if  the  curvature  be  very  sharp  or 
very  unfavorably  situated,  or  if  the  line  be  very  nearly  level,  so 
that  there  are  no  (^eavy  grades  to  limit  trains  in  advance  of  cur- 
vature, there  will  finally  come  a  point  where  too  much  or  too 
sharp  curvature  will  not  only  cause  wear  and  tear,  but  likewise 
cause  the  length  of  trains  to  be  cut  down.  In  |hat  case  the  di- 
rect expense  of  the  curvature,  for  wear  and  tear  and  waste  of 
fuel,  will  continue  on  as  before,  but  there  will  now  be  a  new 
source  of  expense  added  to  that  which  exists  on  all  curves  with- 
out distinction. 

We  for  the  present  (until  Chaps.  XVIII.  and  XIX.)  consider 
only  these  direct  sources  of  expense  which  are  common  to  all 
curvature  wherever  situated,  assuming  that  it  does  not  require 
more  trains  to  be  run,  but  simply  makes  it  more  expensive  to 
run  them. 

THE  EFFECT  OF  CURVATURE  ON   OPERATING  EXPENSFS. 

344.  Fuel. — We  have  already  seen  (par.  186)  that  about  33  per  cent 
of  the  cost  of  fuel  goes  for  getting  up  steam,  kindling  fires,  running  to 
and  from  trains,  stopping  and  starting  trains,  standing  idle,  etc.,  etc.,  and 
is  hence  a  constant  wastage,  independent  of  the  distance  run.  All  of 
this  may  be  considered  as  likewise  unaffected  by  curvature,  and  in  addi- 
tion thereto  there  is  another  and  important  source  of  loss,  viz.,  conden- 
sation due  to  radiation  of  heat,  which  varies  with  the  time  of  exposure, 
and  hence  with  the  distance  run,  but  is  inappreciably  affected  by  the 
power  developed  per  hour.  Every  part  of  a  locomotive,  even  the  lagging, 
is  hot  enough  to  burn  the  hand  in  the  coldest  weather. 

The  fire-box  is  usually  left  entirely  exposed  (by  a  mistaken  negligence, 
which  is  gradually  being  corrected  in  some  few  instances,  as  on  the  Lake 
Shore  &  Michigan  Southern  Railway,  on  which  all  the  fire-boxes  are 
lagged  ♦),  and  the  ends  of  the  cylinders  are  protected  only  by  metal 
plates.  As  a  consequence,  the  average  amount  of  fuel  consumed  in 
winter  is  shown  by  abundant  statistics  to  be  very  uniformly  about  20  per 
cent  greater  than  in  summer,  or  about  i  per  cent  for  each  2°  F.  difference 
of  temperature. 

*  It  is  claimed  that  an  economy  of  some  10  per  cent  in  fuel  was  attained  on 
the  Lake  Shore  by  such  lagging  of  the  fire-box.     Am.  Ry.  M.  M.  Rep't,  1885. 
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345.  To  appreciate  the  full  force  of  this  fact,  we  must  remember  that 
the  hottest  summer  day  is  cold  to  the  cylinders  and  boiler.  The  temper- 
ature within  the  boiler  is  about  350°  F.;  and  hence  whether  the  temper- 
ature outside  be  0°  F.  or  100°  F.  makes  little  proportionate  difference. 

Let  us  suppose  the  average  fuel  consumption  in  July,  with  an  average 
temperature  of  ^^^  F.,  to  be  60  lbs.  per  mile.  In  January,  with  an  aver- 
age temperature  of  37"  F.,  experience  shows  that  the  consumption  will 
be  some  20  per  cent  greater.    Then  we  have : 


Tbmpbraturb. 

LtML  Coal 

Interior. 

Exierior. 

Difference.    Burned  Vtx  Milt. 

July.            350° 

77" 

273**                     60 

January,        350** 

37° 

313**                     72 

Increase  p.  c. 

40' 

14.6  p.  c.        20  p.  c 

The  cause  of  this  enormous  effect  of  difference  of  temperature  is  very 
obscure,  and  it  would  lead  us  too  far  to  discuss  it  in  detail.  The  matter 
has  attracted  far  less  attention  than  it  should,  and  even  the  facts  from 
which  any  discussion  of  causes  must  start  are  but  little  known  to  railroad 
men.  It  will  be  seen  that,  superficially  considered,  the  facts  seem  to  in- 
dicate that  a  very  large  proportion  of  the  fuel  consumption  is  due  to  the 
effects  of  exterior  temperature  ;  for  if  a  decrease  of  40**  F.  or  i  J  per  cent 
in  the  difference  between  the  temperature  within  and  without  the  boiler 
saves  20  per  cent  of  the  fuel,  it  would  seem  as  if  we  had  only  to  decrease 
the  difference  a  little  farther  to  save  half  or  three  quarters  of  it. 

This  conclusion  would  be  absurd,  but  all  that  it  is  desired  here  to 
show  is  that  exterior  radiation  is  a  very  serious  matter.  The  chief  causes 
for  the  great  difference  in  winter  and  summer  fuel  consumption  are  prob- 
ably these : 

I.  The  rolling  friction  is  considerably  higher.  Most  of  the  energy 
destroyed  by  friction  must  take  the  form  of  heat,  and  as  the  journals 
speedily  attain  about  the  same  temperature  in  both  winter  and  summer 
(moderately  warm  to  the  touch)  the  difference  in  temperature  of  the 
journals  and  the  external  air  is  much  greater  in  winter,  and  this  means 
so  much  more  journal  friction. 

This  theoretical  deduction  lacks,  as  yet.  direct  experimental  evidence,  pend- 
ing which  it  must  be  regarded  as  doubtful.  By  some  strange  omission,  the 
comparative  winter  and  summer  train  resistance  has  not  been  the  subject  of  di- 
rect investigation,  so  far  as  the  writer  is  aware;  but  that  there  is  considerable 
iifference  appears  to  be  indicated  by  the  fact  that  it  is  found  necessary  in  prac- 
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tical  operation  to  cut  down  trains  in  winter  by  about  10  per  cent  (say  from  30 
cars  to  18,  or  from  40  cars  to  36),  for  which  it  is  difficult  to  imagine  any  other 
rational  explanation.  The  popular  explanations  are  :  (i)  That  the  wind 
travels  more  miles  in  winter  than  in  summer,  which  is  not  true;  and  (2)  that 
the  track  is  in  worse  condition,  which  is  unquestionably  true  to  some  extent ; 
but  there  are  very  few  days  when  snow  and  ice  cause  much  trouble  on  the  sur- 
face of  the  rail,  which  is  for  the  most  part  as  clean  in  winter  as  in  summer, 
and  the  efifect  of  heaving  of  the  road-bed  on  train  resistance,  although  impor- 
tant,  can  hardly  account  for  the  difference  which  exists. 

346.  Internal  radiation  also,  from  the  hot  steam,  when  first  admitted 
to  the  cylinder,  into  the  interior  walls  thereof, — whence  it  is  almost  in- 
stantly returned  again  into  the  exhaust  steam,  as  the  temperature  falls 
from  reduction  of  pressure,  without  having  done  any  work, — is  admitted 
to  be  a  very  great  source  of  waste,  but  is  entirely  distinct  from  the  exter- 
nal radiation,  for  it  is  not  appreciably  affected  by  the  external  tempera- 
ture, and  does  vary  with  the  power  demanded,  and  inversely  with  the 
speed ;  in  all  of  which  details  it  differs  from  external  radiation. 

It  is  true  that  a  locomotive  standing  still  and  not  using  steam  loses 
but  a  trifling  amount  from  radiation  (about  30  lbs.  per  hour);  but  the 
conditions  are  vastly  different  when  working  against  a  fierce  wind  with 
every  part  to  be  kept  hot,  and  it  is  difficult  to  resist  the  evidence  that 
at  least  \  of  the  fuel  consumed  goes  to  replace  radiated  heat.  If  so,  as 
33t  per  cent  goes  for  other  causes  of  wastage,  we  have  50  per  cent  of  the 
fuel  left  as  that  portion  which  varies  directly  with  the  power  demanded. 
Possibly  it  is  still  less,  but  it  can  hardly  be  much  more. 

The  correctness  of  this  conclusion  is  indicated,  in  a  measure,  by  the  coul 
burned  by  engines  running  light.  An  engine  which  will  burn  60  10  80  lbs.  per 
mile  with  its  full  train,  will  burn  20  to  30  lbs   per  mile  only  to  run  itself. 

347.  Assuming  curve  resistance  to  average  about  \  lb.  per  ton,  it  is 
perhaps  as  correct  an  average  as  possible  to  say  that  a  continuous 
1 1°  20'  curve  causes  an  average  additional  train  resistance  of  about  6  lbs. 
per  ton,  or  about  doubles  the  resistance  of  a  train  on  a  level.  A  mile  in 
length  of  such  a  curve  contains  600°  of  curvature. 

We  may  say,  therefore,  that  600**  of  curvature  will  waste  about  50  per 
cent  as  much  fuel  as  the  average  burned  p>er  mile  run. 

348.  Repairs  of  Engines. — Referring  to  Table  85,  page  203,  it  will 
be  seen  that  the  proportion  of  this  item  assignable  to  the  averaj^e  effect 
of  curvature  and  grades  is  about  19  per  cent,  nearly  all  of  it  arising  from 
wear  of  wheels  and  tires.  Experimental  data  as  to  the  actual  effect  of 
either  grades  or  curvature  on  locomotive  or  car  repairs  are  very  few. 
Statistics  of  actual  expenditures  for  such  purposes  on  lines  differing  con- 
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siderably  in  grades  and  curvature  afford  no  assistance,  except  to  drive 
us  to  the  conclusion  that  curvature  has  little  or  no  effect,  as  we  have  al- 
ready seen  (par.  164). 

349i  We  may  get  at  the  probable  effect  of  curvature  on  engine  re- 
pairs a  little  more  definitely,  at  least  to  the  extent  of  checking  any  erroi 
of  consequence,  as  follows : 

The  ways  in  which  engine  repairs  are  affected  by  curvature  are  two : 

First, — ^and  more  important, — by  the  additional  wear  of  tires  and 
wheels. 

Secondly,  by  the  effect  on  wear  and  tear  of  the  additional  power  de- 
manded. 

The  last  is  an  inconsiderable  element,  because  the  additional  power 
demanded  by  the  curvature,  even  in  extreme  cases,  is  inconsiderable 
when  measured  in  foot-pounds.  Thus,  if  there  be  300**  in  a  mile, — which 
by  turning  to  Tables  loi  to  104,  page  259,  will  be  seen  to  be  a  very  large 
allowance, — this  amounts  to  less  than  a  continuous  6°  curve,  or  3  lbs.  per 
ton  continuous  addition  to  the  train  resistance.  On  descending  grades 
this  is  rather  a  help,  saving  the  use  of  brakes.  On  ascending  grades  of 
say  I  per  cent  the  normal  train  resistance  is  some  26  lbs.  per  ton,  and  3 
lbs.  per  ton  resistance  adds  but  12  per  cent  to  this.  As,  then,  only  31 
per  cent  of  the  cost  of  engine  repairs  (exclusive  of  running-gear)  varies 
directly  with  the  distance  run  on  tangent,  the  increase,  if  in  direct  pro- 
portion, would  be  only  o.  12  x  0.31  =  3.7  per  cent  for  300**,  or  say  7.5  per 
cent  for  600°  of  curvature,  so  far  as  this  cause  alone  is  concerned. 

The  maintenance  of  running  gear  (including  frames,  which  is  a  very 
small  item)  amounts  to  30  per  cent  of  the  total  cost  of  engine  repairs, 
but  of  this,  only  one  third,  or  10  per  cent,  can  properly  be  assigned  to 
the  effect  of  curvature  and  grades.  We  may  assume  that  two  thirds  of 
this,  or  6.7  per  cent  of  the  total  cost  of  engine  repairs,  is  due  to  curva- 
ture. By  turning  to  Table  104,  we  shall  find  that  the  average  amount 
of  curvature  on  an  average  railway  is  some  30°  per  mile.  On  a  contin- 
uous 1 1 **  20' curve,  containing  600°  per  mile,  the  curvature  is  20  times 
this  amount;  and  hence  on  such  a  mile  the  extra  cost  due  to  the  curva- 
ture would  be  6  X  20  =  120  per  cent  of  the  average  cost  of  engine  repairs 
per  mile.  This  seems  to  be,  and  is,  a  rude  process ;  but  it  may  be  further 
checked  as  follows : 

350.  The  cost  of  maintaining  tires  average  on  trunk  lines,  like  the 
Erie  or  Pennsylvania,  about  i^  cts.  per  mile  run,  with  an  average  cost  xA 
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engine  repairs  of  some  6  cts.  as  a  minimum.  Their  average  curvature 
per  mile  is  some  50*^.  The  above  allowance  (of  120  per  cent  addition  to 
the  total  cost  of  engine  repairs  by  600""  of  curvature)  is  equivalent  to  al- 
lowing that  with  continuous  11°  20^  curves  the  total  cost  of  running-gear 
maintenance  would  be  7.2  cts.  per  train-mile,  or  six  times  greater  than  it 
is  now,  on  an  average,  with  twelve  times  as  much  curvature.  While 
this  may  not  be  much  too  large,  it  is  certainly  ample.  See  also  the  fol- 
lowing data  (Table  114)  as  to  the  wheel  wear  of  cars  and  the  causes 
thereof. 


Table  114. 

Percentages  op  Wheels  removed  in  1884  on  the  New  York,  Lake  Erie 
&  Western  Railroad  for  Various  Causes  of  Each  One  of  Twenty- 
four  Different  Makes. 

(Out  of  a  total  of  some  300,000  wheels  and  18,000  removals.) 

Class  z.— Six  Best  Makers— agoreoatino  78.3  Per  Cent,  of  All  Wheels  ii» 

Service. 


Makbks. 


I 

2 

3  

4 

5 

6 

Averaj^ . . . 


Ckacked  and  Broken. 

Shelled 

Sharp 

Slid 

Worn 

Flat  ft 

Total. 

Out. 

Flange. 

Flat. 

Worn 

Broken. 

Cracked 

Total. 

Out. 

1.3 

7a 

8.4 

03 

4.8 

9.6 

76  9 

100. 

a. 7 

6.8 

9-5 

1-7 

1.9 

99.9 

64.0 

100. 

05 

'4-9 

«5.4 

0.6 

1.6 

95.9 

56  6 

100. 

5.3 

10  I 

»5-4 

0.7 

4.8 

99.7 

49.4 

100. 

9.0 

aa-a 

95.9 

0.6 

9.6 

35  0 

36.6 

100. 

3.0 

90. 8 

ai  8 

0.0 

1.9 

11.3 

63.7 

100. 

9.0 

19.9 

M-4 

07 

a-7 

99.3 

60.1 

too. 

P.  C.  of 

Removals 

to  No.  in 

Service. 

38s 
3.«9 
740 
3.00 
9.98 
8  97 

4-39 


Class  3.— Six  Next  Best  Makers— aooreoatino  17.3  Per  Cent  of  Wheels  in 

Service. 


I::::::::::: 

9 

10 

II 

♦l9    

Average . . . 


».4 

17.0 

19.4 

0.0 

6.9 

90.8 

59.9 

100. 

as 

19.9 

»4-7 

o.t 

I6.I 

90.4 

♦5' 

too. 

9.8 

30.8 

33.6 

0.1 

6.4 

91. 0 

JSI 

100. 

«-5 

97.9 

99.4 

0.1 

9.9 

18.8 

100. 

«-3 

9  Z 

II. 0 

0-1 

93.9 

33  a 

3a  3 

100. 

3.» 

13.8 

16.9 

0.0 

6.1 

40.1 

36.9 

100. 

S.9 

a3-7 

95.9 

O.I 

8.9 

91. 1 

44-7 

100. 

I 


8.91 

14.6 

9.9 

10.88 
99.5 

893 


ro.94 
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Table  114. — Continued, 

Class  3. — ^Twelve  Worst  Makers— aggregating  oicly  4.6  Per  Cemt  or 

Wheels  in  Service. 


«3- 

-It 

•»6. 

♦•18. 
♦•19. 

•ao. 

•at 
aa. 


Average 


•9 

71.9 

7»« 

0.0 

0.0 

aa.3 

4-9 

100. 

3.4 

59.3 

6a.7 

0.0 

0.0 

«3-7 

13.6 

100. 

10.4 

19.6 

30.0 

03 

14. a 

II  9 

436 

100. 

0.0 

0.0 

0.0 

0  0 

546 

45-4 

0  0 

ido. 

6.3 

ai  9 

a8.a 

0.0 

ai.8 

95 

40.6 

too. 

4-9 

«4-5 

"9  4 

0.0 

84.1 

17.8 

3«-7 

loa. 

f'l 

8.6 

16.5 

0.0 

9  3 

14.3 
15.6 

59.9 

100. 

I  6 

»a.9 

94  5 

0.0 

*f 

55  0 

too. 

6.0 

Sis 

4a.  a 

05 

46 

"7-4 

35  3 

100. 

0  a 

90.0 

0.0 

X  6 

^? 

»  4 

100. 

58 

a6.4 

32  « 

0.0 

1.1 

49.6 

M  9 

ICX>. 

7-5 

4  5 

12.0 

0.0 

44-7 

34-4 

100. 

i    ^-^ 

37. « 

4i.6 

0.0 

12.4 

ao.3 

«5-7 

i«o. 

14.40 

905 

IS. 6a 

19.1 

76.9 

•8.9 

5  «o 
a. 89 


».i6 


B^d-/aee  numbers  repreaent  makers  having  from  ao,ooo  to  50,000  wheels  cadi  in 
Starred  numbers  indicate  the  smaller  makers,  viz.,  *  Less  than  xooo  in  aerrice;  ^^  I 
500  in  service;  ***  less  than  300  in  service. 


Summary. 


Ptr  cent  of  whole  number  in  service. . . . 

Brolren 

Cradced 

Brolcen  imd  cracked 

Shelled  out 

Sharp  flange 

Slid  flat  

Worn  flat  and  worn  out 

Total  removed 

Per  cent  of  number  in  service  removed 


Six  Best 
Makers. 


78.a 

a.o 
la.a 


14. a 
07 
«  7 

«2-3 

60.1 


too.o 
4-39 


Six  Next 
Best. 


17. a 
•3-7 


•5-9 
o.i 

8.a 

ai.i 
44  7 


lOO.O 

10.94 


Twelve 

Worst 

Makers. 


46 

4-4 
37.« 


4t6 

0.0 

ia.4 

■0.3 

«5-7 


100  o 
ao.x6 


At.  of  an 
00  Road. 


lOO.O 

•4 
19.4 


SI.8 
0-4 
5« 

50-3 


soo.o 
6.ai 


PERCENTAGE  OF  TOTAL  NUMBER  IN   SERVICE   REMOVED  FOR  EACH  CAUSK. 


Six  Bf'St 
Makers. 


Per  cent  of  whole  number  in  service, 

Broken 

Cracked 

Broken  and  cracked 

Shelled  out 

Sharp  flange 

Slid  flat 

Worn  tax  and  worn  out 

Total  removed 


78. a 

0.09 
0-54 


o  63 
0.03 
o.ia 

o.qS 
a. 63 


4-39 


Six  Next 
Best. 


17. a 

o.a3 
a. 60 


a  83 
o  01 
0.89 
a. 31 

4  90 


10.94 


'     Twelve 
I      Worst. 


4.6 

0.88 

7  so 

8.38 

0.00 
a. so 
4.10 
5.18 


16 


TotaL 


100.0 

0.15 
s.ao 


>-3S 

o.oa 
0.96 
■•3$ 
3-«3 


6.as 
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While  the  above  table  g^ives  valuable  and  trustworthy  indications  of  the  relativt  quali- 
ties of  different  makers,  it  gives  an  entirely  false  idea  of  the  ABSOLUTE  qualities  of 
American  ohilled  car  wheels^  unless  a  large  allowance  is  made  for  the  fact  that  it  is 
modified  immensely  by  the  constant  annual  additions  of  new  stock.  This  is  immediately 
evident  in  the  total  number  removed  for  all  causes,  which  is  only  6.31  per  cent  of  those  in 
service,  indicating  on  its  face  an  average  life  of  sixteen  years^  which  is  certainly  more 
than  twice  the  actual  average  life  of  wheels  on  the  road  in  question,  and  would  be  much 
more  than  twice  or  even  three  times  the  average  life  in  years,  except  that  the  average 
mileage  per  car  per  year  has  recently  been  very  low. 

An  average  life  of  eight  years  for  car  wheels  would  require  la^  per  cent  per  year  aver- 
age renewals,  against  only  6.ai  per  cent  actual  renewals — a  discrepancy  of  over  one  half. 
The  constant  additions  of  new  rolling-stock  which  are  known  to  have  been  made  on  the 
road  are  the  only  apparent  cause  for  this  effect.  With  such  an  abnormal  proportion  of 
new  wheels,  the  proportion  of  failures  from  *'old  age"  will  be  decreased,  and  hence  that 
ihe  proportion  of  failures  from  acute  diseases,  such  as  cracked  or  broken,  will  be  abnor- 
mally increased ;  since  in  a  lai^  proportion  of  the  wheels  these  are  the  only  failures  which 
are  occurring. 

This  table  sheds  especially  valuable  light  on  the  cause  of  sharp  flanges.  It  will  be 
seen  that  there  is  twenty  times  as  large  a  proportion  of  wheels  removed  because  of  sharp 
flanges  among  bad  wheels  as  good  ones,  and  that  with  good  makers  the  proportion  of 
wheels  removed  for  sharp  flanges  (a.  7  per  cent,  and  that  on  a  very  crooked  road)  is  so 
small  as  to  indicate  that  bad  quality  of  the  wheel  itself  is  the  leading  cause  of  sharp  flanges. 

Of  broken  or  cracked  wheels,  only  about  one  quarter  break  in  the  flange  or  tread,  and 
nearly  two  thirds  of  the  fractures  arise  from  the  bursting  strains  produced  by  forcing  the 
wheels  on  the  axles. 


351.  Repairs  of  Cars. — In  Table  86,  page  203,  the  proportion  of  the 
cost  of  this  item  assignable  to  the  effect  of  grades  and  curvature  is  given 
as  some  23  per  cent.  Of  this  at  least  three  fourths  would  ordinarily  be 
assignable  to  the  effect  of  grades  and  only  one  fourth  to  curvature. 
Then,  proceeding  exactly  as  in  the  case  of  engine  repairs,  we  have  6  x  20 
=  120  per  cent  of  the  average  total  cost  of  car  repairs  per  mile  as  the  extra 
cost  due  to  600°  of  curvature.  This  estimate  is  certainly  large  enough, 
and  probably  considerably  too  large. 

An  exact  distribution  of  the  cost  of  rolling-stock  repairs  to  its  various 
causes  is  very  difficult,  because  the  expenses  are  not  ordinarily  kept  by 
items,  but  only  by  aggregates.  Some  recent  statistics  as  to  wheel  wear, 
however  (the  chief  and  almost  the  only  item  of  car  repairs  affected  by 
curvature),  given  in  Table  1 14,  afford  some  valuable  insight  into  the  causes 
which  destroy  them  most,  and  indicate  that  the  wear  from  curvature  fe 
a  comparatively  minor  element. 

352.  Wear  of  RAiLS.~We  may  take  the  wear  of  good  rails  on 
curves,  as  an  average  of  their  whole  life,  at  about  \  lb.  per  10,000,000  tons 
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per  degree  of  curve,  or  certainly  not  more  than  this.  Observations  by 
the  writer  on  steel  rails  of  the  New  York,  Pennsylvania  &  Ohio  Rail- 
road, and  some  more  elaborate  investigations  on  the  Pennsylvania  Rail- 
road by  Dr.  Charles  B.  Dudley,  agree  in  indicating  this,  when  allowance 
is  made  for  the  fact  that  the  wear  is  not  at  a  uniform  rate  during  the 
whole  life  of  the  rail  (par.  313  et  seq.),  but  is  perhaps,  rudely  speaking. 
only  one  fourth  of  the  total  during  the  first  half  of  its  life  and  three 
fourths  during  the  latter  half.  As  a  consequence,  as  already  pointed  out 
(par.  315),  the  wear  shown  by  an  investigation  of  a  lot  of  rails  of  the 
same  absolute  age  on  different  curves  will  apparently  indicate  a  very  much 
greater  wear  on  sharp  curves ;  but  this  appearance  is  deceptive. 

The  wear  in  tangents,  then,  being  (as  it  is)  about  i  lb.  per  10,000,000 
tons  duty,  the  wear  on  a  continuous  11^  20'  curve  will  be  ^  lb.  x  iii  ^ 
5f  lbs.  per  mile  of  curve,  or  be  increased  567  per  cent  over  the  tangent 
wear.  But  this  is  assuming  that  the  tangent  rails  are  so  good  that  they 
will  need  renewals  only  from  (iie  effect  of  abrasion,  in  which  case  rails 
will  cost  only  about  ict.  per  train-mile. 

With  inferior  steel  rails,  as  formerly  with  iron  rails,  the  proportionate 
increase  of  wear  is  very  much  less  than  this,  owing  simply  to  the  fact 
that  the  tangent  wear  is  so  very  much  greater.  The  additional  rail 
wear  on  curves  was  estimated  by  the  writer  in  the  first  edition  of  this 
treatise — and,  so  far  as  he  can  now  judge,  with  very  close  correctness — 
at  100  per  cent  increase  over  the  tangent  wear  on  an  11®  20'  curve.  The 
absolute  rate  of  abrasion  is  much  the  same  with  all  rails,  iron  or  steel, 
good  or  bad.  With  rails  that  fail  only  by  abrasion,  therefore,  the  curve 
wear  adds  a  large  percentage  to  a  very  small  total  cost.  With  rails 
that  mash  or  split  in  service,  the  curve  wear  becomes  a  much  smaller 
percentage  of  a  much  larger  total. 

353i  Cross-ties. — The  effect  of  curvature  on  ties  has  been  much  de- 
creased by  the  introduction  of  steel  rails,  and  will  be  still  further  and  very 
largely  decreased  by  the  introduction  of  creosoted  ties.  Still  its  effect 
on  the  life  of  ties  is  considerable.  Several  years  of  the  tie's  life  must  be 
sacrificed  on  sharp  curves  because  the  holding  power  of  the  spike  be- 
comes too  little.  The  so-called  "  cutting'*  of  ties  (par.  121)  is  also  greater 
on  curves,  and  mainly  on  the  outside  of  the  rail.  As  the  rail  wears  by 
flange  cutting,  moreover,  it  is  necessary  either  to  renew  the  rails  prema- 
turely or  to  throw  them  in  to  gauge.  The  effect  of  all  these  causes  to- 
gether to  shorten  the  life  of  ties  is  a  pure  matter  of  fact;  and  considerable 
observation  of  and  inquiry  as  to  practice  in  this  respect  indicates  that 
the  following  comes  very  near  to  the  average  life  of  white-oak  ties  on 
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sand  or  gravel  ballast,  imperfectly  drained — the    life  given  on  curves 
being,  if  anything,  too  short : 

On  a  tangent, 9  years. 

On  a  2®  curve,    .    .    4    .    .    .  8      ** 

On  a  6**  curve, 7      " 

On  a  10®  curve, 6      " 

On  a  14*  to*  i6'  curve,    ...  5      " 

From  this  we  may  conclude  that  the  cost  for  ties  on  an  11*  20^  curve 
(600®  per  mile)  is  about  50  per  cent  greater  than  on  a  tangent,  and  that 
the  increase  is  directly  as  the  degree  of  curvature  on  any  given  distance; 
or,  in  other  words,  is  uniform  per  degree,  whatever  the  radius. 

354.  Track  Labor  is,  as  a  matter  of  fact,  but  little  affected  by 
curvature.  It  is  an  unusual  thing  to  see  sections  made  shorter  than 
others  on  this  account.  If  two  contiguous  sections  are  noticeably  differ- 
ent in  this  respect  it  is  not  unusual  to  take  a  quarter  or  half  a  mile  off 
one  and  add  it  to  the  other,  but  any  greater  difference  than  this  is  un- 
likely. Yet  comparing  the  conditions  which  would  exist  on  a  mile  of 
tangent  and  a  mile  of  11°  20'  curve,  it  might  not  unfairly  be  claimed  that 
there  would  be  a  difference  of  50  per  cent  in  the  cost  of  track  labor;  and  to 
avoid  that  very  objectionable  result,  an  underestimate  of  the  disadvan- 
tages of  curvature,  we  may  assume  this,  which  will  amply  cover  the  facts. 

355.  Summing  up  the  various  Items  affected  by  Curva- 
TURE,  we  obtain  the  following  Table  115,  giving  the  assumed 
effect  on  expenses  of  600®  of  curvature. 

The  total  cost  per  year  per  daily  train  of  i**  of  curvature  given 
below,  Table  x  15  (43.3  cts.),  divided  by  the  rate  of  interest  on 
capital,  will  give  the  justifiable  expenditure  to  save  i**  of  curva- 
ture estimated  per  daily  train,  viz.: 

At    5  per  cent 5^:^     =    $8.66. 

At   8  per  cent, '  zr       =       5.41. 

At  10  per  cent, — '-—      =       4.33. 

^  o.io  ** 

And  similarly  for  any  other  rate  of  interest;  this  being  assumed, 
as  heretofore,  not  to  be  a  precisely  accurate  result,  but  one  as 
exact  as  is  either  practicable  or  necessary  to  avoid  serious  errors. 
21 
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Table  115. 
Estimated  Average  Cost  Per  Train-Mile  of  6oo'  of  Curvatuex. 

[Being  equivalent  to  a  continuous  ix*  ao'  curve,  one  mile  long,  a««iinH  to  double  the 

average  train  resistance  in  lbs.  per  tons.] 

(Cost  of  train-aiile  aMomed  at  $1.00.) 


Item. 
(As  per  Table  80.) 


Fncl 

Water 

Oil  and  waste 

Repairs,  engines 

Switching-engines  service. 
Train  wages  and  supplies 

Repairs,  cars. 

Car  mileage 

Rail  renewals 

Adjusting  track 

Renewing  lies 

Earthwork,  ballast,  etc. . . 

Yards  and  structures 

Station  and  general 


Total  cost  per  train-mile  of  600** 
of  curvature  (cts.  or  per  cent). 


Avenge 

Cost  of  Item. 

Cts.  or  Per 

Cent. 


76 

0.4 

0.8 

5.6 

5.2 

15.4 
lO.O 

2.0 
2.0 
6.0 

3.0 
4.0 
8.0 

30.0 


Per  Cent  added  bj 

600*  of  Curvature, 

as  above. 


50  per  cenL 
25    ** 

25    "       •• 
125    ••       " 
Unaffected. 


120  per  cent. 

Unaffected. 
500  per  cenL 

50    ••       *• 

50 

50 

Unaffected. 


t« 


«« 


•  4 


100. o 


35.6  percent. 


Coat  doe  to 


3-8 
0.1 
0.2 
7.0 


is.o 


6.0 

3.0 

1.5 
3.0 


35.6 


35-6 
Total  cost  per  trainnnile  per  degree,  -^ 

Total  cost  of  X*  of  curvature  per  year  per  daily  train  (.0593  ct.  x  3165  X  2) 


=  43.3     eta. 


356.  The  similar  estimate  which  the  writer  made  in  the  firsi 
edition  of  this  treatise  gave  a  smaller  estimate  for  the  value  of 
curvature  than  this,  viz.,  22.5  cts.  instead  of  35.6  for  the  cost 
per  train-mile  of  600®  of  curvature — a  difference  of  over  50  per 
cent;  and  this  in  spite  of  the  fact  that  the  former  estimate  was 
for  the  most  part  on  an  iron-rail  basis.  The  only  positive  reason 
for  this  difference  is  that  the  writer  has  seen  reason  to  increase 
the  estimate  of  the  effect  of  curvature  on  rolling-stock  repairs^  aJ-^ 
thougli  a  chief  reason  has  been  to  ensure  that  the  estimate 
large  enough.  According  to  the  above  estimate,  the  lotal 
of  a  train-mile  should  be  10  per  cent  greater  on  a  roadhavinff  100^ 
more  curvature,  which  is  the  most  that  the  evidence  warrants. 


^:^^ 
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397.  To  illustrate  how  very  little  difference  any  probable  error 
in  the  above  estimate  can  make  in  the  justifiable  expenditure  to 
avoid  curvature:  Assuming  the  case  of  a  road  running  10  daily 
trains  each  way,  the  justifiable  expenditure  to  save  i^  of  curva- 
ture, at  8  per  cent,  is  $54. 10,  and  to  save  20°,  $1082.00;  a  sum  which 
will  warrant  no  very  large  amount  of  work  to  avoid  it.     Thb 

ANNUAL   LOSS  TO   REVENUE   IF  IT   BE   NOT   AVOIDED  will  be 

43.3  cts.  X  10  trains  X  20°  =  $86.60; 

a  sum  sufficient  to  pay  for  perhaps  two  extra  trains  over  the  road 
during  the  year  or  for  running  7302  trains  instead  of  7300.  When 
the  effect  of  the  most  trifling  difference  of  grade  is  compared  with 
this  it  becomes  slight  indeed. 

358.  This  example  is  for  a  considerable  traffic  and  for  a  con- 
siderable amount  of  curvature,  to  save  at  one  point.  As  suc^ 
it  well  illustrates  the  principal  purpose  of  such  estimates  as  we 
have  just  made.  It  is  not  to  avoid  errors  of  10,  20,  or  even  50  or 
100  per  cent  in  the  sums  spent  to  save  curvature;  for  we  cannot 
go  far  wrong  if  we  assume  either  $700  or  $800  or  )i2oo  or 
$1500  as  our  standard  value  for  such  an  amount  of  curvature, 
instead  of  $1058.  But  its  principal  purpose  is  to  save  us  from  the 
manifold  greater  errors  which  may  so  easily  result  from  follow- 
ing mere  guesswork  and  "judgment:"  from  spending  $5000,  or 
$10,000  to  gain  something  whose  true  value  lies  between  $700 
and  $1500,  as  has  been  done  in  many  cases  on  heavy  work;  or 
from  the  corresponding  error  of  introducing  10°  or  20°  of  curva- 
ture recklessly,  which  might  be  saved  at  trifling  cost,  or  perhaps 
at  no  cost  at  ail,  by  a  little  more  care. 

359.  Ail  the  preceding  estimate  of  the  direct  cost  of  curvature 
has  been  based  upon  the  assumption  that  the  cost  per  degree 
was  for  the  most  part  uniform  for  ail  curves,  independent  of 
radius;  i.e.,  that  the  cost  of  the  curvature  in  100  stations  of  1° 
curve  was  essentially  the  same  as  that  in  10  stations  of  10°  curve. 
This  assumption  appears  to  be  unquestionably  justified  by  the 
facts,  but  the  reasons  why  it  is  so  are  considered  later,  in  Chap. 
XIX.,  page  638. 
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360.  A  particular  form  of  bad  practice  in  respect  to  curva- 
ture,and  one  of  the  most  prevalent  and  indefensible  of  the  minor 
errors  of  location,  is  a  weakness  for  very  long  tangents  and  a 
readiness  to  spend  money  to  secure  them.  A  reasonably  long 
tangent,  say  not  less  than  400  feet,  is  always  very  desirable,  if  not 
absolutely  essential,  in  order  to  taper  out  the  superelevation  and 
afford  room  for  proper  transition  curves;  but  beyond  this  there 
is  no  justification,  theoretical  or  practical,  for  expending  more 
than  a  very  small  sum  to  avoid  any  number  of  short  and  gentle 
curves.  The  difference  in  distance  resulting  from  even  very  con- 
siderable and  frequent  breaks  in  a  tangent  is  too  trivial  to  be  a 
serious  consideration  on  lines  of  small  traffic  (although  it  may 
look  as  if  it  were  considerable,  especially  on  the  ground;  see 
Chap.  XXVIII.),  and  the  same  is  at  least  equally  true  of  the 
curvature.  Thus  let  us  suppose  that  there  is  a  section  of  a  mile 
and  a  half  out  of  one  of  those  four-  or  five-mile  tangents,  in 
moderately  difficult  country,  for  which  the  following  curved 
aVgnment  may  be  substituted  with  some  economy  in  first  cost: 


CURVBS. 

Central 
Angle. 

Toul  Length  of 

Tangents  between 

Intersections. 

i"  Z    for  300  ft. 
li'  ^  •*    600  •' 
2*  Z    •*    600  " 
2*  R    •*     500  " 
2"  L    ••    200  •' 

Total 

1 

4* 

2,500  ft. 
2.500  " 
2,000  ** 
1,100  " 

38* 

8,100  ft. 

Such  an  alternate  alignment  would  perhaps  have  the  effect  of 
reducing  a  succession  of  considerable  cuts  and  fills  materially. 
How  much  does  it  damage  the  operating  value  of  the  line  ? 

The  difference  in  distance  is  as  nearly  as  may  be  23  feet  in 
about  8350.  The  amount  of  curvature  introduced  is  38°.  Then 
to  an  hypothetical  line  running  10  trains  per  day  each  way  and 

*  NoTB  TO  Table  ii6. — Near  the  Pittsburg  Station  on  the  Pennsylvania  Raiiroail  is  J 
curve  of  aip  feet  radius  on  the  main  line.  At  a  freight-house  in  the  same  city  is  a  curTe  of 
137.6  feet  radius,  around  which  2a  cars  are  pulled  by  one  engine. 


■jd 
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paying  8  per  cent  for  capital  the  value  of  the  difference  would 
be— 

23  feet  distance  at  (possibly)  0.30  cts.  X  10,    $69  00 

38**  curvature  at  $5.41  X  10, 2,055  ^ 

Total, $2,124  ^o 

Many  a  tangent  has  been  broken  up  improperly  to  effect  less 
saving  than  tliis;  but,  on  the  other  hand,  a  saving  of  8000  to 
10,000  cubic  yards  of  excavation  is  enough  to  balance  it;  and  if 
we  reduce  the  estimated  traffic  by  two  thirds  or  three  quarters^ 
in  all  ordinary  country  the  saving  by  breaking  up  the  tangent 
would  far  more  than  justify  doing  so,  even  in  light  work,  for  the 
above  figures  fully  represent  every  measurable  disadvantage 
from  a  moderately  curved  line  of  that  character. 

Especially  if  the  general  character  of  the  work  is  heavy,  the 
caution  of  par.  14  becomes  of  vital  moment  on  such  alignment 
if  the  most  careful  engineer  would  avoid  error. 

Table  116.  • 
Sharpest  Curves  in  Regular  Use  on  Standard-Guage  Roads. 

(Chiefly  from  a  list  published  ia  the  Railroad  Gazette  of  Oct.  4,  1878.) 


Road. 


N.  v.,  New  Hayen  ft  Hartford 

Lehigh  ft  Susquehanna 

it  <t 

Baltimore  ft  Ohio 

••  »» 

t«  •« 

4*  »• 

Oroya  Railroad 

Virginia  Central  

Pennsylvania  Railroad  tracks 

Pittsburg,  Fort  Wayne  &  Chicago. 

Canarsie  ft  Rockaway 

Brooklyn,  Bath  ft  Gooey  Island . .  . 

Manhattan  Elevated 

Petersburg,  Va . . . . 


LOCAUTV. 


Springfield,  Mass 

Upper  Divisions 

Stony  Creek 

Butler  Branch 

Harper's  Ferry,  Md.  side 

Ikhester 

Harper's  Ferry,  Va.  side 

Y  for  Consolidation  Engines. . 

In  Peru 

Over  Rockfish  Gap  Tunnel... 


«t 


t* 


»i 


Centennial  Grounds. 

Pituburg 

Brooklyn 


New  York  City    

U.  S.  Military  Railway 


Sharpest  Curvb. 


Radius. 
Ft. 


410 

383 
aao 
310 
400 

375 
300 

136 

395 
300 

a3« 
300 
946 
«75 

SI  to  X9S 

90,  100,  103.5, 
"5.  «50 
50 


Degree. 


«4' 

15* 

i8» 

i8»3s' 
14*  as* 
15*  ao' 

43* 

14*  3»' 
19*  loC 

•4*i5' 
i9»i</ 

«3*30' 
33*  "S* 


}   *^' 
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The  curve  last  given  was  thus  described  in  a  discussion,  by  Mr.  C.  L.  McAlpine,  of  a 
paper  by  Mr.  S.  Whinery  (Trans.  Am.  Soc.  C.  £.,  1878),  and  is  one  of  the  most  remark- 
able on  record : 


i» 


Petersburg  and  Richmond,  Virginia,  fell  into  the  hands  of  the  Federal  troops  near  the 
close  of  the  war.  The  base  of  the  latter  for  many  months  had  been  at  City  Point,  on  the  James 
River. 

**  £arly  one  morning  imperative  orders  were  received  to  run  the  trains  of  the  United  States 
Military  Railways  into  Petersburg  with  the  least  possible  delay.  This  was  done  by  noon  <^ 
the  same  day,  under  circumsunces  that  would  be  most  interesting,  but  foreign  to  the  subject 
under  discussion. 

**  This  order  was  followed  up  by  another— that  railroad  communication  with  Richmood 
should  be  effected  at  once. 

**  The  railroad  bridge  at  Petersburg,  over  the  Appomattox,  had  been  burned.  No  connec- 
tion at  that  place  had  ever  been  matde  in  peace  times,  and  the  first  ezammations  showed  that 
heavy  excavations,  etc.,  requiring  timt  (for  which  the  department  never  made  allowance), 
mutt  be  made,  before  any  reasonable  connection  with  the  Richmond  line  could  be  effected. 
This  drove  the  engineer  in  charge  into  the  apparently  inadmissible  curve  adopted. 

**  Contrary  to  the  advice  of  trackman  and  bridge-builders,  a  sharp  curve  was  laid  out,  ol 
more  than  one  hundred  de;;^es,  with  a  radius  of  fifty  feet,  on  what  was  to  become  the  main 
line.  The  curve  was  on  trestle-work,  and  the  outside  posts  were  framed  eight  inches  longer 
than  the  inner  ones.  The  lies  were  of  sound  white  pine,  three  inches  in  thickness,  and  the 
rails  were  double  spiked.    Two  guard  rails  were  used,  also  double  spiked. 

*'  The  locomotive  engineers  generally  condemned  the  bridge  and  curve  at  first  sight  after 
completion,  and  a  strong  prejudice  was  created  against  it.  But  the  writer  selected  the  worst 
curve-following  engine  in  the  service,  the  *  Government,'  and  ordered  her  to  make  the  first 
trial. 

*  Walking  backwards,  and  in  front,  as  this  engine  slowly  made  iu  way,  it  was  easy  to  per> 
ceive  her  action  on  this  sharp  curve. 

'*  A  little  prcR<iurr  on  the  outer  rail  seemed  to  drive  the  wheels  (both  of  the  trucks  and 
drivers)  down  un  to  the  in  in  r  rail,  and  demonstrated  practically  what  had  been  intended,  that 
the  trains  must  be  passed  through  the  curve  at  greater  speed. 

*'  Thereafter,  when  the  locomotive  men  became  accustomed  to  the  curve,  the  speed  throoi^ 
it  was  usually  from  eight  to  ten  miles  an  hour. 

**  A  very  large  traffic  passed  over  this  curve  for  months  afterwards,  supplying  the  armies  of 
occupation  in  Richmond,  and  at  other  points  to  the  southward,  and  no  accident  or  trouble 
whatever  was  experienced  at  the  place  in  question.** 

On  the  4  per  cent  grades  of  the  Mexican  Railway,  reversed  curves  of  150  ft.  radius  on 
temporar}'  track  around  tunnels  were  operated  by  ordinary  locomotives  for  a  year  or 
more  at  its  first  opening,  and  many  other  cases  of  such  temporary  use  of  very  shatp 
curves  might  be  adduced.  All  of  the  above  cunr'es,  however,  are  in  permanent  trade,  al- 
though most  of  them  are  in  localities  where  it  is  convenient  to  operate  them  at  vciy  sloiw 
speeds.     The  sharpest  curves  on  the  open  road  of  three  of  the  trunk  lines  are : 

New  York,  Lake  Erie  &  Western, lo* 

Pennsylvania, 8* 

Baltimore  &  Ohio 9'  30* 

The  first  of  these  curves  is  a  re>'ersed  curve  at  Passaic,  a  few  miles  out  <A  New  York, 
and  an  enormous  traffic  passes  over  it.  It  could  be  taken  out  at  very  modorake  #'«|i»*Mff>^ 
but  has  not  pro\'ed  sufficiently  objectionable  to  make  this  appear  worth  while.  The  New 
York  Central  has  one  very  sharp  cur\'e  of  about  14®  on  its  main  line,  but  in  a  jard 
where  speed  is  slow. 

Narrow-gauge  roads  have  rarely  used  sharper  than  24*  curves  in  any  part  of  th« 
world,  although  a  few  as  sharp  as  30**  are  in  use  in  Colorado  and  elsewhere. 
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CHAPTER  IX. 

RISE    AND    FALL. 

361.  The  expense  of  gradients,  as  we  saw  in  part  in  Chapter 
VI.,  arises  from  two  causes,  which  are  totally  distinct  and  must 
be  kept  so  to  form  any  correct  estimate  of  their  cost  or  of  their 
proper  adjustment.  The  association  between  them  is  accidental. 
The  distinction  between  them  is  vital  and  fundamental. 

The  first  of  these  causes  is  the  direct  cost,. for  wear  and  tear 
and  fuel,  of  ascending  to  and  descending  from  any  given  eleva- 
tion, instead  of  running  on  a  level ;  in  other  words,  the  cost  of 
RISE  AND  FALL.  This  is  the  branch  of  the  subject  that  we  pro- 
pose now  to  consider. 

The  second  objection  to  gradients  is  the  effect  which  the 
maximum  or  rather  ruling  grade  (since  the  ruling  grade  may, 
owing  to  the  effect  of  variations  of  velocity,  be  either  greater  or 
less  than  the  nominal  maximum  of  the  profile)  has  to  increase 
the  cost  of  operating  the  entire  line,  however  short  the  ruling 
grade  itself  may  be,  not  by  increasing  the  direct  expense  per 
train-mile,  but  by  limiting  the  number  of  cars  to  a  train. 

362.  This  latter  objection  to  gradients  (i.e.,  to  one  particular 
gradient,  the  worst  one  on  the  line)  is  greatly  more  important 
than  the  former,  but  it  has  no  real  connection  with  it  whatever, 
being  different  both  in  its  nature  and  in  its  effect  in  detail  on  the 
operating  expenses. 

In  fact,  it  is  not,  properly  speaking,  an  attribute  of  gradients 
at  all,  except  that,  owing  to.  the  limitations  of  the  locomotive 
engine,  gradients  happen  to  be  the  most  usual  cause  which 
limits  the  weight  of  trains.  But  this  is  not  invariably  so.  Some- 
times curvature,  and  not  gradients,  is  the  limiting  agent.  For 
example,  the  Hudson  River  Railroad  probably  approaches  the 
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error.  By  trusting  chiefly  to  one's  impressions  or  "experience" 
in  such  matters,  habit  may  make  it  a  second  nature  to  reduce  all 
grades  as  much  and  as  speedily  as  possible,  and  to  stretch  out 
the  longest  piece  of  thread  which  can  be  made  to  lie  on  the  pro- 
file in  fixing  the  grades.  A  thousand  feet  further  is  not  far  on 
the  profile,  but  it  often  entails  a  considerable  expense  for  con- 
struction to  no  purpose  whatever.  On  the  other  hand,  the  con- 
trary error — an  undiscriminating  readiness  to  use  "  undulating 
grades" — has  seriously  reduced  the  value  of  more  miles  of  railway 
in  the  Western  United  States,  perhaps,  than  all  the  other  causes 
combined ;  because,  unfortunately,  nature  has  left  it  possible  in 
that  region  to  run  almost  from  anywhere  to  anywhere  in  very 
nearly  an  air-line  if  we  are  willing  to  accept  what  are  euphem- 
istically called  **  moderate"  grades  of  25  to  75  feet  per  mile ;  in- 
stead of  the  dead  level,  or  nearly  that,  which  in  many  cases  was 
equally  easy  to  obtain  by  moderate  deviations  from  some  "  50- 
mile  tangent." 

367.  To  some  extent  the  cost  of  rise  and  fall,  as  well  as  the 
limiting  effect  of  gradierits,  depends  upon  the  rate  of  grade,  for 
it  must  be  divided,  as  respects  cost  and  disadvantages,  into  three 
quite  distinct  classes,  according  to  the  grades  on  which  it 
occurs. 

These  classes  are : 

A.  Rise  and  fall  on  grades  so  light  or  so  situated  as  never  to 
require  the  use  of  brakes  nor  variations  in  the  power  of  the 
engine. 

B.  Rise  and  fall  on  grades  heavy  enough  to  require  the 
slight  use  of  brakes  or  shutting  off  steam,  or  both,  in  descend- 
ing, but  not  such  as  to  be  a  serious  tax  upon  the  engine  in 
ascending. 

C.  Rise  and  fall  on  maximum  grades,  requiring  the  full  power 
of  the  engine  in  ascending,  with  more  or  less  use  of  sand,  dangler 
of  slipping  drivers,  and  the  use  of  brakes  in  descending. 

To  which  one  of  these  classes  any  given  grade  will  belong, 
Will  depend  in  good  part  upon  the  general  character  of  the  line ; 
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but  as  between  the  classes  themselves  there  is  a  marked  and 
decided  difference  in  cost,  in  passing  from  one  to  the  other. 

In  order  to  determine  the  method  by  which  they  may  be  cor- 
rectly distinguished  from  each  other,  it  will  be  necessary  to 
consider  now  one  of  the  most  important  departments  of  the 
subject  of  ruling  or  limiting  gradients,  as  well  as  of  rise  and 
fall,  viz.: 

THE  LAWS  OF  ACCELERATED  AND  RETARDED  MOTION,  AND  THE 
EFFECT  THEREOF  ON  THE  MOVEMENT  OF  TRAINS. 

368t  We  cannot  go  into  the  general  theory  of  this  question  as  fully  as 
might  be  desirable,  because  the  final  results  of  such  a  discussion,  which  we  shall 
need  to  use,  will  be  in  so  simple  a  form  that  any  one  can  use  them  almost  me- 
chanically. The  student  is  urgently  recommended,  if  not  already  familiar  with 
the  general  laws  of  mechanics,  to  study  and  master  the  elementary  principles  at 
least  of  theoretical  mechanics,  which  it  requires  no  great  labor  to  do.  Almost 
any  treatise,  thoroughly  mastered,  will  suffice,  but  Todhunter's  "Mechanics 
for  Beginners"  (the  title  being  somewhat  misleading)  is  particularly  useful  for 
those  who  desire  to  go  thoroughly  into  the  subject,  and  test  their  knowledge  by 
example.  In  this  respect  Todhunter*s  entire  mathematical  series  are  quite  un- 
equalled. A  fair  but  in  some  respects  deficient  general  idea  can  be  obtained 
from  Trautwine's  "  Pocket-Book,"  which  may  be  assumed  to  be  in  the  hands  of 
every  engineer.  The  writer  knows  of  no  treatise  in  which  the  important  prac- 
tical applications  of  these  general  principles  which  we  are  about  to  discuss  are 
more  than  obscurely  hinted  at. 

369.  A  railway  train,  or  any  other  body,  acted  upon  by  any  force  or 
any  number  of  forces,  as  gravity,  the  tractive  power  of  the  locomotive, 
friction,  etc.,  which  are  for  the  time  being  uniform  in  their  action  and 
yet  do  not  exactly  balance  and  destroy  each  other,  is  under  the  c  )ndition 
technically  known  as  uniformly  accelerated  or  retarded  motion,  the  laws 
of  which  are  the  same  as  for  a  body  falling  freely  in  a  vacuum,  acted  upon 
by  gravity  alone.  Rather,  the  latter  also  is  but  one  particular  case  of  a 
general  law. 

When  one  of  the  forces,  as  train  resistance  or  air  resistance.  \v  not 
constant,  but  increases  or  decreases  with  the  velocity,  the  body  will  not 
be  governed  by  the  laws  of  uniformly  accelerated  motion,  but  by  laws 
much  more  complicated.  Within  moderate  limits,  however,  and  within 
limits  sufficiently  broad  for  our  present  purposes,  the  motion  may  be  as- 
sumed to  be  uniformly  accelerated  or  retarded  without  sensible  error, 
and  we  shall  so  consider  it,  except  where  otherwise  explicitly  stated. 
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370.  AH  energy  or  work  communicated  to  any  body  must  be  era- 
ployed  either  (i)  in  overcoming  frictional  or  other  resistances,  or  (2) 
stored  up,  so  to  speak,  within  the  body,  in  the  form  of  an  increase  of 
velocity.  The  energy  so  stored  up  is  reconvertible  into  work  at  any 
time  without  loss,  and  its  amount,  for  any  given  velocity,  may  be  very 
simply  determined  by  formula,  or  instantly  from  a  table  (Tables  117  and 
118). 

371i  To  determine  by  formula  the  work  represented  by  a  given  ve* 
locity,  or  the  velocity  attainable  by  a  given  amount  of  work :  It  was 
found  experimentally  long  since — by  Galileo,  at  the  leaning  tower  of 
Pisa — that  a  body  falling  freely  toward  the  earth,  with  no  opposing  re- 
sistances to  impede  its  motion  (in  other  words,  a  body  continually  acted 
upon  by  a  force  equal  to  wliat  we  term  its  weight),  will  fall  through  16.08 
feet  in  one  second  of  time  (in  the  latitude  of  Italy  or  New  York,  16.04  at 
the  equator,  16.095  ^^  London,  51°  31'  N.;  16.127  at  80®  N.),  and  will  then 
be  moving  with  a  velocity  of  twice  its  average  velocity,  or  32.16  feet  per 
second.  In  the  second  second  the  velocity  previously  acquired  will  carry 
it  through  32.16  feet,  and  the  continuous  action  of  the  original  force  will 
carry  it  through  an  additional  distance  of  16.08  feet,  and  communicate  an 
additional  velocity  of  32.16  feet  per  second,  making  the  total  distance 
fallen  through  in  the  second  second  48.24,  and  the  final  velocity  acquired 
64.32  feet  per  second.  By  this  process,  which  can  be  varied  in  many 
ways,  and  which  was  in  the  beginning  purely  empirical,  the  general  laws 
have  been  determined  which  may  be  summarized  thus: 

The  total  time  being  as  1,2.  3,  4,  etc.,  the  velocity,  either  average  or 
final,  will  be  as  i,  2,  3,  4,  etc.  The  total  spaces  passed  through  will  be  as 
the  square  of  the  velocities,  or  1,4,  9.  16,  etc.,  and  the  spaces  for  each 
time  as  I,  3,  5,  7,  9,  etc.  The  final  velocity  is  always  twice  the  average 
velocity. 

The  height,  =  h,  through  which  a  body  must  fall  to  acquire  a  velocity 
of  V  feet  per  second  is 

jfc  —  ^   —     ^ 


2g       64.32' 
or  to  acquire  a  velocity  of  V  miles  per  hour ;  since  v  =;  -^ — j-  V, 


/_528o_\,^. 
\6o  X  60/ 


^  = 6^ =  °°3344S  V\ 
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372.  Why  the  constant  32.16  above  noted  should  be  precisely 
what  it  is,  instead  of  22.16  or  42.16,  is  unknown,  and  science  does  not 
even,  tend  to  determine  it;  but  it  is  known  that  this  constant,  which  is 
called  the  acceleration  of  gravity,  will  vary  directly  with  the  force, 
if  the  latter  be  greater  or  less  than  gravity;  so  that  with  this  change 
made,  the  formula  is  of  general  application  to  a  body  acted  on  by  any 
uniformly  accelerating  force  whatever. 

373.  From  this  formula  Table  117  is  calculated.  It  gives  at  once  the 
velocity  in  miles  per  hour  which  will  be  acquired  by  a  train  (or  any  other 
body)  falling  without  frictional  resistance  through  a  given  vertical  dis- 
tance (acted  on  by  a  force  equal  to  its  weight  for  a  given  distance)  and 
hence,  conversely,  the  vertical  distance  through  which  momentimi  alone 
wiU  lift  the  train  moving  at  any  given  velocity  against  the  force  of  grav- 
ity. Nothing  more  than  this  table  and  a  general  understanding  of  the 
subject  is  needed  to  solve  all  ordinary  problems  connected  with  location 
arising  from  variations  of  velocity,  except  for  one  detail,  which  makes 
Table  118  the  better  one  to  use. 

Table  117. 

Height  in  Vertical  Feet  through  which  a  Body  must  Fall  to  acquire 

A  Given  Velooty  in  Miles  Per  Hour. 

Or  the  height  through  which  the  energy  due  to  that  velocity  will  lift  the  body  against 

gravity  only  before  it  comes  to  rest. 


Miles 
Per  Hour. 


o 
10 
30 
30 
40 
so 


0. 

1. 

3. 

3. 

4. 

5. 

6. 

7. 

8. 

0.00 

0,03 

0.13 

0.30 

O.S4 

0.84 

X.20 

I.fi4 

2.X4 

3-34 

4.0s 

4.82 

S.6s 

6.5S 

7. 52 

8.56 

9.67 

ZO.84 

13.38 

14.7s 

16.19 

17.69 

19.  a6 

20.90 

32. 6Z 

24.38 

36.  aa 

30.10 

32.14 

34  2S 

36.42 

38.66 

40.97 

43.34 

45.78 

48.39 

53.  SI 

56. aa 

S8.99 

61.84 

64.7s 

67.72 

70.77 

73.88 

77.05 

83.61 

86.99 

90.43 

93.94 

97. S2 

101.17 

104.88 

108.66 

1x3.50 

9. 


3.71 

13. 07 
38.13 
50.87 
80.30 
116.43 


Formula:  A  — 


(;: —  I   K*  (in  miles  per  hour) 
60  x6o/  *^ 


64.32 


•0.033445  ^f 


For  computations  connected  with  the  movement  of  trains  the  following  Table  118 
should  be  used, 


374.  The  formula  of  par.  371  assumes  that  the  body  is  in  motion  as 
a  whole,  but  that  its  parts  are  at  rest  relatively  to  each  other.    In  a  mov- 
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ing  train  this  is  not  so ;  for  the  wheels  and  axles,  in  addition  to  their  for- 
ward motion,  are  in  rapid  rotation,  so  that  additional  enei^  is  stored  up 
within  them  as  in  so  many  fly-wheels.  To  put  the  same  truth  in  another 
way :  Each  particle  in  the  wheels  and  axles  (except  on  the  axis)  moves 
more  feet  per  second  through  space  (albeit  in  a  curved  path)  than  the 
train  as  a  whole,  so  that  they  necessarily  have  more  epergy  stored  within 
fhem. 

The  energy  due  to  the  rotation  of  the  wheels  and  stored  up  in  them 
as  in  a  fly-wheel  is  usually  computed  separately  from  that  which  they 
have  in  common  with  the  rest  of  the  train,  when  it  is  computed -at  all; 
but  for  all  purix)ses  in  connection  with  the  motion  of  trains  for  which 
the  one  is  required  to  be  known,  the  other  may  be  said  to  be  also,  and  in 
Table  ii8  the  two  are  included  together.  If  the  wheels  were  not  in  con- 
tact with  the  rails,  but  were  mounted  like  fly-wheels  within  the  car,  they 
would  exercise  no  effect  upon  the  forward  motion  of  the  train.  Aftei 
the  train  had  been  brought  to  a  stop  they  would  continue  to  spin  around 
indefinitely  until  stopped  by  their  own  friction ;  but,  being  in  contact 
wita  'he  rails  (or  if  mounted  on  the  body  of  the  car  and  connecter*.  w*1h 
the  wdecls  by  gearing),  they  act  very  effectually  to  carry  the  train  cloug' 
just  so  much  farther,  in  the  same  way  as  the  rotating  fly-wheel  on  the 
little  toy  locomotives,  which  almost  every  one  has  seen,  causes  the  latter 
to  move,  being  in  that  case  the  only  motive-power. 

375.  The  amount  of  energy  in  any  rotating  body  is  determined,  as  may  be 
seen  in  any  treatise  on  mechanics,  by  determining  the  position  and  velocity  of 
a  point  called  the  centre  of  gyration,  which  is  the  point  at  which,  if  the  whole 
mass  of  the  rotating  body  were  concentrated,  any  given  force  would  communi- 
cate the  same  velocity  of  rotation  as  it  does  to  the  actual  body.  Motion  in  a 
circular  or  other  curved  path  at  any  given  linear  velocity  means  the  accumula- 
tion of  the  same  amount  of  energy  as  if  the  body,  as  a  whole,  were  moving  in  a 
right  line  at  the  same  velocity,  and  if  the  body  be  both  revolving  and  moving 
forward,  like  the  wheels,  the  two  are  separate  and  in  addition  to  each  other. . 

376.  The  manner  of  determining  this  radius  of  gyration  it  is  needless  to  go 
into  in  detail.  According  to  the  pattern  of  wheel,  it  will  vary  between  O1.7  and 
0.8  of  the  actual  radius,  being  in  car  wheels  nearer  0.7  and  in  locomouve df*v«dra 
fully  0.8.  Assuming  a  minimum  radius  of  0.7.  it  will  be  plain  that  poktaaatt 
that  circle  are  rotating  with  a  linear  velocity  of  0.7  times  the  velodty  of  iho 
train,  and  hence  that  the  rotative  energy  only  of  the  wheels  will  be  0. 7*  or  0149 

in  round  numbers  one  half  that  due  to  the  forward  motion  of  the  wheels  in 

itommon  with  the  rest  of  the  train.  Really  it  should  be  a  little  more  than  this 
«rren  figure  for  ordinary  patterns  of  wheels,  and  in  locomotives  it  is  IoUf  ■!>• 
tenths. 
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Estimating  ordinary  car  wheels  to  weigh  2}  tons  per  8rwheeled  car,  or  561 
pounds  per  wheel,  the  ratio  of  the  weight  of  the  wheels  to  the  total  weight  will 
be  about — 


Weighing 

Per  cent  of  weight  of  wheels 

Making  an  addition  to  the  total 
energy  of  the  train  of  about... . 


In  a  Panenger 

or  Loaded 

Freight  Car. 


22^  tons. 
10  p.  c. 

5  p.  C. 


In  an  Empty 
Freight  Car. 


9  tons. 
25    p.  c. 

I2i  p.  c. 


In  Locomotive  and 
Tender. 


10  to  I2i  p.  C 
6  to   7i  p.  c. 


We  may  say,  therefore,  that  the  rotative  energy  of  the  wheels  will  add 
about  6  per  cent  as  a  minimum  to  the  accumulated  energy  or  '*  velocity  head  " 
of  the  train  as  a  whole,  in  the  case  of  ordinary  passenger  or  loaded  freight 
trains,  which  with  very  heavily  loaded  cars  may  be  a  little  less,  but  in  the  case 
of  long  trains  of  empty  cars  may  be  some  4  or  5  per  cent  higher.  Under  this 
assumption,  assuming  6.14  per  6ent  for  ease  of  computation.  Table  118  was 
computed,  which  is  the  proper  one  for  use  in  all  computations  concerning  the 
energy  stored  in  trains  9X  various  velocities. 


Table  1ia 

Total  Energy  op  Potential  Lift  in  Vertical  Feet  (or  Velocity  Head) 

IN  Trains  moving  at  Various  Velocities. 

Including  the  Effect  of  the  Rotative  Energy  of  the  Wheels  for  Passenger  or  Loaded 
Freight  Trains^  assumed  at  6. 14  per  cent  of  the  total  energy.  For  trains  of  empty 
fiat  or  coal  cars  add  about  4  per  cent  to  the  quantities  below,  and  proportionately  for 
mixed  trains. 


Miles 

Per 

Hour. 

Vel.  ft.. 

Mi  LBS 

Per 

Hour. 


10 


II. 

19. 

>3- 

«4 
«5- 

16. 

;i 

«9 
10 


0. 

1. 

0.00 

0.04 

.0 

.1 

3-55 

3.69 

4.30 
5  " 
6.00 

4.38 
5.19 
6.09 

6.96 

7-99 
9.09 

7.06 
8.10 
9.91 

X0.26 
IX.  50 
xa.8a 

"o  39 
11.63 
19.96 

14.90 

«4-34 

8. 

0.14 


.2 


8. 
0.3E 


.3 


369 


4.46 
5.98 
6.19 

7.16 

8.91 

9.3a 

10.51 
11.76 

13.09 
M-49 


3-77 


4-54 
5-37 
6.98 

7.97 
8.39 
9-44 

10.64 
11.90 

«3»3 

Z4  64 


4. 

5. 

0. 

7. 

0.57 

0.89 

i.«8 

1-74 

.4 

.5 

.0 

.7 

3.84 

3.9a 

3.99 

4.07 

546 
6.38 

4.70 
5-55 

6.47 

5.64 
6.57 

4.87 
6.67 

8.43- 

9-55 

8.54 
9.67 

Z-57 
8.65 

9.79 

8.76 
9.90 

10.76 
19.03 
13  37 

10.88 

19. 16 

»3-5« 

II. OT 
19. 20 

'3.64 

11.13 
".43 

I3-78 

14.78 

>4-93 

15.08 

15  "3 

8. 
9.97 


.8 


4.>S 


4-95 
5.89 
6.76 

7.78 
8.87 

10. 09 

11.96 
19.56 

'3  93 

15-38 


0. 

9.1 


.0 


4.99 


5  03 
5.91 
6.86 

\% 

XO.14 

11.38 
19.69 
14.06 

15. 5« 
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Table  W^-^-^ConttnuetL 


IfiLn 

P» 

Hour. 

Vel.  ft.. 

a 

o.oo 

o.<H 

0.14 

8L 
0.3a 

i. 
0.57 

ft. 
0.89 

flL 

T. 

t-74 

flL 

flL 

MiLSS 

Pur 

"OUB. 

.0 

.1 

• 
.2 

.3 

.4 

.5 

.§ 

3 

.• 

.% 

^^.. 

14.«> 

»4.34 

14-49  '     H.64 

14-78 

U.93 

15.08 

«S-a3 

»$-:•  •   t5.5« 

%'• 

«i 

■>^«  •  •  • 

«4 

3.  •: 

•7 

•» 

15.67 
17.19 
i?.79 

•0.46 
9%  90 
•4.00 

35.88 
•7-83 
99.86 

15.83 

«7.35 
18.95 

30.63 
33  38 
34. 18 

36.07 
38.03 
30.06 

»S  97 
17  51 
19.11 

30.80 
33.56 

«4-37 

36.37 

38.23 
30.27 

16.13 
17.67 
19.37 

30.98 
33.74 
34.56 

96.46 

a8.43 
30.48 

16.38 
17.83 

19-44 

31. 16 
33.92 

•4.75 

s6.66 
38.64 
30.69 

16.43 

«7-99 
19.61 

31.34 
33.10 

■4  93 
•6  85 
38.84 
30.90 

16.58 
18.15 
19.78 

•1.51 
33.38 
35.1a 

37.05 
39.05 
31.11 

16.73 
18.31 

«9-95 

31.68 
93.46 
•5-3« 

37.94 
99.35 
3«.3a 

i6.8fl 
1S.47 
ao.ia 

•t.t4 
93  64 

«S-s» 

99.46 
31-53 

1701 
18.63 

•t.M 
3^  ?4 

30 

31.95       i»».i6 

33.18 

32.60 

33.81 

33-03 

33-«$ 

33-47 

33.69 

33  9» 

»« 

I» 

» 

M 

8::.::| 

J:::::: 
» 

34.1a 

36-35 
38.66 

41.04 
4|4» 

'     4860 
51.36 
54.00 

36.58 
38.90 
41.38 

:i:s 

48.87 

5«-53 
54.28 

34-57 
36.81 

39- «3 

4«.53 
44.00 

46.53 

49  «3 
51.80 

54-56 

34.79 
37  04 
39-37 

4«.77 
44  a5 
46.78 

49-39 
53.08 

54  84 

35.01 

37. 27 

39.61 

43.03 
44.50 
47.04 

49.66 

52-36 

55.  «a 

35-«4 
37.50 
39.85 

43.36 

44-75 
47-30 

49.93 
52.63 

55.40 

35-46 

37-74 
40.08 

4a. 5« 
45.00 

47  56 

50.30 
53.91 
55.68 

35-68 

37-97 
40.3a 

4a -75 
45-a6 
47-8a 

50.47 
53.18 
55-06 

40.56 
43.0D 

9».7| 

53.4* 
56-94 

3f.n 

43  '^ 
45  ;» 

^v  • 

56.80 

57.09 

57.37 

1     57.66 

57.95 

58. «4 

58.5a 

58.81 

59.  «o 

59  5^ 

4* 

4« 

43 

44 

%•::::. 

47 

4« 

49 

59« 
6a.6a 

6564 

68.73 
71  89 
75.12 

78-4» 
81.79 
85.24 

02.9s 
65 -94 
69.05 

72. 2Z 

75  45 

78.75 
82.13 

85.59 

60.27 
63.33 
66.25 

69.36 
7a-54 
75-78 

79  09 
82  48 

85  94 

60.56 

63  53 
66.56 

69.68 
73.86 
76.11 

79.43 
82.82 
86  20 

60.86 

6383 
66.87 

70.02 
73.18 
76-44 

79-76 

83  »7 
86.64 

61.15 
64.11 
67.18 

70.34 
73-50 
76.77 

80.10 
8^.51 
86.99 

61.45 

64-43 
67.69 

70.65 
73-83 
77.  to 

80.44 
83.85 
87-34 

61.74 

64.73 
67.80 

70.97 
74.15 
n-43 

80.77 
84.30 
87.69 

63.04 

^.03 
68.11 

71.98 

74-2 
77.76 

81.11 
88.04 

6».i3 
65-34 
68.4* 

7«.Sd 

2-79 
78.09 

81.45 
88.39 

SO.    ... 

DilEi... 

•0    .... 
Dilfo  .. 

70 

Diib... 

88.75 
3-59 

127  80 
4.30 

«73-95 
5.01 

9a.34 
3.65 

133.10 
4.36 

178.96 
507 

95-99 
3-73 

136.46 
4.44 

184.03 
5.»5 

99  72 
3.80 

140.90 

4.5« 

189.18 
5.33 

103.52 
3.87 

«45.4« 
458 

194.40 
5.39 

"07.39 
3-94 

M9.99 
4.65 

199  60 
5.36 

"«  33 
4.01 

»54  64 
4-7a 

305  05 

5-43 

"5. 34 
408 

159.36 

4-79 

310.48 
5.50 

119.49 
4.«6 

164.15 
4-87 

315.98 

133. sfl 
4.«a 

169.0a 

4.n 

64.32  64.32  — »»pv» 

To  whidi  add  6. 14  per  cent  for  rotative  energy  of  the  whedi  « 


Ghring  as  the  final  formula,  by  which  the  table  is  computed,  Vel.  head  k  aogsSOoP' 

The  above  table  is  exact  for  the  even  miles.    The  heights  for  tenths  of  a  mOe  par  h<MU 

filed  in  by  interpolation,  and  the  last  digit  may  be  in  error. 
The  process  of  computing  the  result  of  a  brake-test  by  the  aid  of  thb  talilfl^ 
lie  ateful  for  reference  in  connection  with  it,  is  as  follows : 
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FIELD  NOTES  REQUIRED  FOR  COMPUTING  BRAKE  TESTS. 

X.  Speed  in  miles  per  hour  at  instant  of  applying  brakes. 

3.  Distance  run  after  applying  brakes,  in  feet. 

5.  Rate  0/ grade ^  ascending  or  descending,  in  per  cent,  i.e.,  feet  per  station  of  100  ft. 

4.  Proportion  of  the  total  weight  of  the  train  to  which  brakes  were  applied.  (Except 
as  necessary  to  determine  this  proportion^  the  total  weight  of  the  train,  or  the  total  weight 
on  braked  or  unbraked  wheels,  is  unessential,  and  does  not  enter  into  the  computation.) 

To  these  essential  notes  should  preferably  be  added  : 

5.  Time  of  stop  in  seconds  (best  taken  with  a  stop-watch). 

PROCESS  OF  COMPUTATION. 

1.  Take  from  the  table  the  height  in  vertical  feet  corresponding  to  its  speed,  i.e.,  the 
"  Vel.  head."  Divide  it  by  the  length  of  the  stop  in  stations  of  100  ft.  The  quotient 
(which  will  in  all  ordinary  cases  be  between  the  extreme  limits  of  2.00  and  ao.oo)  is  the 
equivalent  grade  of  retardation  for  a  stop  on  a  level  grade. 

2.  To  this  quotient  add  the  actual  rate  of  grade,  if  descending,  or  subtract  it  if  ascend- 
ing. Subtract  also  the  grade  representing  the  average  train  resistance  during  the  entire 
stop,  which  may  be  approximately  assumed  as  follows : 

Miles  per  hour. 


Initial  speed, 25       jo       40       50       55       60 

and  less. 

Pounds  per  ton  (2000  lbs.). 


-\ 


Average  resistance  during  stop,    .    .    8         9       xo       12       14       16 

Per  cent  (or  feet  per  100). 


-N 


Equivalent  grade, 0.4     0.45     0.5      0.6      0.7      a8 

y.  The  resulting  sum  ordi£Ference  is  the  actual  equivalent  grade  of  retardation^  in  feet 
per  100 :  or  the  effect  of  the  brakes  as  a  whole  on  the  train  as  a  whole.  The  figures  ex- 
pressing this  grade,  as  5.00,  8.50,  12.45,  express  also  the  efficiency  of  the  brakes  upon  the 
train  as  a  whole,  in  percentages  of  the  total  weight  of  the  train. 

4.  Divide  this  grade  or  percentage  by  the  per  cent  of  the  total  weight  of  the  train 
upon  which  brakes  acted  or  were  adapted^  intended^  or  expected  to  act.  The  quotient  is 
the  actual  efficiency  of  the  brakes  upon  the  load  carried  by  the  braked  wheels,  or  upon 
that  portion  thereof  which  it  was  intended  to  rely  upon  in  proportioning  the  brakes. 
This  quotient  will  always  lie  between  the  extreme  limits  of  25.00  and  i.oo,  usually  be- 
tween 3.00  and  14.00,  and  is  the  only  one  by  which  comparisons  with  different  trains 
having  differently  distributed  brakes  can  properly  be  made. 

By  formuU :  Grade  of  reUrdation  =  ^^'  ^^  \  +  '?.^«  ?5  d^^^ending  grade,  or  )    _ 
^  Distance  I  -    "     '*   ascending       **  f 

J      *      11-       /  -^^  J  Grade  of  retardation  _  _  . 

grade  of  rolhng  fnction  ;  and  7-— — r- — : .  .  .    .     , =  EflSaency  of 

*  p.  c.  of  wt.  of  train  on  which  brakes  actied 

brakes  in  per  cent  of  weight  on  which  they  acted. 

EXAMPLES. 

I.  Train  with  m  (75  per  cent)  of  weight  braked ;  30  miles  per  hour ;  284  ft.  (2.84 
ttations),  distance  run ;  grade,  52.8  ft  per  mile  (z.o  per  cent)  descending. 
22 
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Assumed  aven^  gnde  of  roUing  fricdoo,  as  above,  =  014.    Then 

14.90  (from  table) 

-^ =  5.00+  X.00  -  o^  =  5.6  ♦  a7S  =  7.47, 

bemc  the  percfntage  of  the  effidency  of  the  brakes  or  late  of  an  equivalent 
pade  of  7.47  X  ao  =  159^  lbs.  per  ton  retarding  force  from  brakesL 

a.  Train  90  per  cent  braked ;  60  miles  per  hour ;  1014  ft  length  of  tfop ;  cade^  ^614 
fL  per  mile  (as  per  cent)  ascending. 

Aanmed  aTcrage  grade  of  rolling  friction,  as  above,  =  olS. 

B7.80  (from  table)  ,  ^ 

=  ia.6o  —  ou50  — 0^8  =  11.30-^0100=  10.561 

10114  «^        y-  .*— 


377.  The  magnitude  of  any  focxre  is  expressed  (in  English)  in 
or  some  multiple. 

The  work  done  (or  which  has  been  or  can  be  done)  by  the  continued 
application  of  any  force  is  expressed  in  foot-p^mrnds,  ix..  by  the  force  is 
pounds  multiplied  by  the  disumce  in  feet  through  which  it  acts  or  has 
acted  or  can  act.  A  Consolidation  locomotive  has  a  tractive  force  o^  say. 
3o.ocx>  lbs.  The  work  done  by  such  an  engine  in  running  a  mile  is 
2aooo   X    52S0  =  105.600.000  foot-pounds.     A  horse-powek  is  33J000 

fooc-pounds  per  minute.     If.  therefon^.  such  an  engrne  mn  a  mile  in  4 

105.600.000 
minutes  its  horse- power  is  =  Soo  horse-oower.  If  itmnamOe 

io^6ooocx> 

in  5  minutes  it  is  exerting  a  force  of  onlv  — = rr  =  ^^  horse-power. 

53.000  X  > 

I:  a  train  at  a  certain  velocity  has  an  avera^  resissaace  of  10  pounds 
per  to=.  the  power  co-sumei  by  :t  w.ll  be  10  f^x-pooads  per  too  per 
fox.  or  52  Sdo  :oo:-p?unis  per  ton  per  mi'e.  II  a^r&in.  the  rrwiance  of 
braices  be  adie--i.  a5S-=:r.i:  the  total  pressure  on  the  brake  biocks  to  be 
equil  t3  bil:  the  wei^t  o:  train  or  1000  ".Irs^  ;<r  toe  iad  assamii^  tlie 
coe:5r:e=:t  of  :r:ot:>=  to  be  at  a  :5  it  "s  :=  reilitr  very  varabueV  the  re- 
liriir^  :V>rce  o:  the  brakes  will  be  :ooo  x  c.  :r  =  rio  !!»  per  too.  and 
the  w:nt  i  rne  per  tec  by  the  brakes  In  i  5J?£;ttii-!^  esaergy  wiQ  he  160 
foo:  pcv-nis  per  ::c?c  through  which  the  brikis  ict. 

378.  The  same  a-=:-nt  of  eaergy     n  ex^^5!5  oc  ill  rectn& 
ccntmanicated  frr—  any  socrce  to  any  Kxir  nmrT;c  in  any 
will  ci-ise  that  b*rCT  to  move  THi:or>?H  57\,:i  w-:h  thesanse 
The  nsLF^Tr-X  ::  the  -noc::n  niiv  vx-y.     The  vji  x^rrx  oc  bbxmmi  miB 
Bwc  T-HT".  ani  w.l  alTay?   be  ec  ,il  t?  that  r^vir^  t."  lit 
thrcc^r  the  xertiral  he^jrit  thrrcch  »>  ch  th*  X>^ 

i  a  vaciini  to  icqnire  iba:  T^^jccl^y. 
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379.  From  the  above  it  necessarily  results  that  it  is  a  general  law  of 
motion  on  inclined  planes 
that  a  body  descending 
freely  along  any  incline, 
regular  or  irregular,  as 
AC,  AD,  AE,  or  AF,  Fig. 

62,  under  the  action   of 

ihe  same  vertical  force,  as  ^  CO 

gravity,  will    be   moving  Fig.  6a. 

through  space  at  any  point,  C,  D.,  E,  or  F,  which  lies  at  the  same  verti- 
cal distance  below  A,  with  the  same  velocity  as  it  would  have  at  B  if  it 
had  fallen  vertically  through  AB.  The  direction  of  motion  will  vary 
in  each  case.  The  time  of  descending  to  the  line  dd  will  also  vary  in 
each  case,  but  the  velocity  with  which  the  body  is  moving  through  space 
as  it  passes  any  given  level  dd  will  always  be  the  same,  by  whatever  path 
it  has  reached  that  level,  and  always  that  "  due"  to  the  vertical  height  of 
the  plane  (less  the  loss  by  friction),  this  being  the  necessary  result  of 
the  fact  that  the  same  number  of  foot-pounds  of  work  have  been  com- 
municated to  the  body  in  either  case. 

380.  The  time  occupied  in  the  descent,  if  it  be  a  regular  plane,  will 
be  greater  than  that  "  due"  to  the  vertical  fall  in  the  ratio  of  the  length 
of  the  plane  to  its  height.  If  it  be  a  curved  or  broken  surface,  the  time 
of  descent  will  bear  no  such  constant  ratio,  but  the  final  velocity  at  a 
given  vertical  distance  below  A  will  in  all  cases  be  the  same. 

381.  Conversely,  the  accelerating  or  retarding  effect  of  gravity  on 
any  incline,  and  in  the  direction  thereof,  as  on  a  railway  grade,  Fig.  63, 
is  less  than  the  weight  of  the  body  in  the  same  ratio  as  the  height  ab 
of  the  plane  is  less  than  its  length 
ac ;  that  is  to  say,  the  force  W^ 
Fig.  63,  which  represents  the 
weight  of  the  body  O  acting  verti- 
cally downward,  may  be  resolved 
— or  rather  resolves  itself— into 
the  force/ acting  parallel  with  the 
plane  and  tending  to  produce  mo- 
tion down  it,  and  the  force  W — (al- 
ways less  than  W) — acting  in  the 
direction  R,  perpendicular  to  the 
rail,  ac  representing  the  actual  pressure  of  the  wheel  thereon.  It  is  geo- 
metrically evident  from*  Fig.  63  (on  account  of  the  similarity  of  triangles) 


Fig.  63. 
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that  the  force  /  (technically  known  as  the  grade  resistance,  although  in 
descending  it  is  not  a  resistance  but  an  accelerating  force)  bears  the  same 
ratio  to  the  weight  that  the  rise  in  any  distance  does  to  the  length  ac^ 
measured  on  the  slope,  and  not  horizontally.  Practically,  however,  on  any 
ordinary  railway  grade  the  horizontal  distance  be  is  not  sensibly  differ- 
ent from  the  length  measured  along  the  surface  of  the  rails  ac,  and  hence 
it  is  customary  and  proper  to  assume  dc  ^ac  \  whence  we  have,  approxi- 
mately, 

W  be': 

or,  if  we  let  the  horizontal  distance  be  =  loo,  and  the  height  ab^r  ^ 
rate  of  grade  or  rise  in  loo  (whether  feet  or  other  horizontal  unit,  if  we 
use  the  same  for  both  vertical  and  horizontal),  then  we  have 

-Z  -L^       /-^ 
W  ""  loo    *^  -^  ""  loo' 

382i  If.  in  this  equation,  we  let  W^  2000  =  the  number  of  pounds  in 
a  ton,  we  have 

/=2or, 

or,  The  grade  resistance  in  lbs.  per  ton  =  rate  of  grade  per 
CENT  X  20.  This  rule  should  be  memorized  by  every  railroad  engineer, 
preferably  in  the  still  simpler  form  :  "  Rate  of  grade  in  tenths  X  2."  E.  g. 
on  a  I  per  cent  or  i.o  grade  the  grade  resistance  is  20  lbs.  per  ton ;  on  a 
0.4  grade,  8  lbs.  p)er  ton. 

For  the  long  ton  of  2240  lbs.  it  is  only  necessary  to  increase  the  re- 
sult by  12  per  cent.  The  rule  amounts  to  no  more  than  saying  that  if 
the  rate  of  grade  be  y^^,,  the  resistance  per  ton  will  be  ^  ton,  which  is 
20  lbs. 

383.  The  trifling  importance  of  the  error  in  assuming  in  Fig  63,  that,  for 
all  practical  purposes,  the  hypothenuse  ac  and  the  base  ab  maybe  assumed 
equal,  when  computing  grade  resistance,  is  shown  by  Table  119. 

On  a  4  per  cent  grade,  which  may  be  considered  the  utmost  limit  of  ordi- 
nary practice,  the  error  in  the  computed  resistance  is  only  o.(X)o8,  or  less  than 
one  tenth  of  i  per  cent.  On  the  heaviest  grade  on  which  the  locomotive  has 
ever  worked,  10  per  cent,  the  error  is  only  one  half  of  one  per  cent. 

The  error  can  be  avoided  by  substituting  for  the  actual  weight,  W,  Fig.  63, 
the  value  of  the  component  W  at  right  angles  to  the  plane;  but  for  any  giade 
less  than  the  most  extreme  this  is  unnecessary  trouble,  as  the  error,  wbattbere 
is  of  it,  tends  to  safety  by  exaggerating  the  grade  resisunce. 
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Table  119. 

Comparative  Length  Per  Station  of  100  Ft.  (or  other  Unit)  of  Various 
Grades,  measured  Horizontally  and  Along  the  Slope. 

GiTing  also  the  percentage  of  excess  in  the  computed  grade  resistance  under  the  rule 

/  =  aor  of  par.  382. 


Rite  in  100. 

(ab.  Fig.  63.) 

(=  rate  ot  grade 

per  cent.) 

Length  on  Slope 

for  Horizontal  Distance 
ijbc)  of  100. 

1. 00 

100.005 

2.00 

100.020 

3.00 
4.00 

100  045 
100.080 

500 

100.125 

6.00 

100.180 

7.00 

100.245 

8.00 

100.319 

9.00 

100.404 

10.00 

100.499 

Note. — This  table  likewise  afifords 
a  good  opportunity  for  testing  the 
convenient  rule  elsewhere  given  for 
solving  right  -  angled  triangles  of 
small  altitude,  viz  : 

Diff.  between  hyp,  and  base  =  ht,^ 
-♦-  twice  hyp,  or  base  (whichever  is 
known). 

It  will  be  seen  to  be  correct  with 
these  triangles  to  within  a  very  mi- 
nute percentage. 


384f  The  grade  which  produces  a  longitudinal  force  precisely  equiva- 
lent in  pounds  per  ton  (or  any  other  unit)  to  the  "rolling  friction"  of  the 
car  at  any  given  velocity  is  called  the  grade  of  repose  for  that  velocity, 
being  that  grade  on  which,  if  a  car  or  train  were  descending,  the  accel- 
erating force  of  gravity  would  just  balance  the  resistance  to  motion,  and 
hence  enable  it  to  continue  in  motion  forever  at  the  same  speed,  neither 
gaining  nor  losinqf  velocity,  which  is  the  theoretical  condition  of  all 
bodies  to  which  a  given  velocity  has  once  been  communicated,  accord- 
ing to  Newton's  first  law  of  motion. 

386.  As  the  frictional  resistance  per  ton  varies  with  either  the  veloc- 
ity or  the  length  of  train,  the  "  grade  of  repose"  will  also  vary  with  either ; 
but  these  grades,  as  determined  by  Table  166,  in  Chap.  XIII.,  are  given 
in  Tables  120,  180,  pp.  358.  579. 

386.  The  term  "  grade  of  repose"  is  ill-chosen,  and  originated  in  the  mistaken 
idea  that  a  grade  which  was  heavy  enough  to  more  than  equal  the  resistance  of 
motion  when  a  train  was  once  moving,  was  heavy  enough  to  start  a  train  from 
a  state  of  rest.  In  reality,  a  grade  several  times  heavier  is  necessary,  and  this 
latter  grade  only  can  properly  be  called  a  "grade  of  repose."  But  the  ill- 
chosen  term  is  still  the  common  one,  as  is  likewise,  unhappily,  the  erroneous 
idea  in  which  it  originated.  Otherwise,  probably,  there  would  be  fewer  stations 
on  limiting  grades. 
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387.  When  a  railway  train  descending  a  grade,  or  any  other  falling 
body,  is  acted  upon  by  an  accelerating  force  which  remains  uniform, — 
like  the  traction  of  a  locomotive  or  gravity, — in  opposition  to  a  retarding 
force  which  increases  with  the  velocity, — like  the  resistance  of  a  train, — 
the  velocity  of  motion  will  continue  to  increase  until  the  retarding  force 
becomes  equal  to  the  accelerating,  and  thereafter  the  body  will  continue 
in  motion  indefinitely  at  a  uniform  velocity.  The  net  resultant  of  all 
the  forces  acting  is  then  zero,  and  consequently  the  body  continues 
indefinitely  in  motion  at  an  unvarying  velocity,  as  theory  requires. 

388.  This  statement  should  be  read  over  until  its  meaning  is  fully 
grasped.  A  railway  train  in  motion  at  a  uniform  velocity  is  acted  on  in 
one  sense  by  two  forces,  but  in  a  truer  sense  by  no  force.  The  frictional 
and  other  resistances  and  the  traction  of  the  locomotive  act  upon  and 
destroy  each  other  within  the  body,  without  either  acting  upon  the  body 
itself,  except  to  produce  internal  stress.  Such  a  body  is  therefore  one  of 
the  nearest  examples  in  practical  mechanics  of  Newton's  abstract  con- 
ception  of  a  body  moving  on  indefinitely  in  vacuo  from  original  impulse, 
without  gain  or  loss  of  energy,  as  do  the  heavenly  bodies. 

389.  Under  such  conditions  any  new  force— whether  accelerating 
or  retarding,  like  a  change  in  the  rate  of  grade  or  in  the  tractive  force  of 
the  locomotive — will  act  upon  the  body  precisely  as  if  no  other  forces 
existed  to  act  ui>on  it;  i.e..  the  whole  of  the  new  force,  undiminished 
by  frictional  or  other  losses,  will  act  upon  the  body  to  vary  its  velocity. 
and  will  vary  it  precisely  as  theory  requires.  This  fact  bears  with  it  im- 
portant consequences. 

To  illustrate  this  interconvertibility  of  work  and  velocity :  Let  ns  assume 
any  body,  as  a  car.  weighing  20,000  pounds  to  have  fallen  freely  (i.e.,  withoot, 
or  in  excess  of.  the  loss  by  friction)  16.08  feet.  It  would  then  have  20,000  X 
16. oS  =  321.600  foot-pounds  of  work  stored  up  in  it,  and  would  be  moTiii|r 
through  space  with  the  precise  velocity  of  32. 16  feet  per  second  or  about  si 
miles  per  hour. 

If.  instead  of  having  fallen  vertically,  either  gravity,  or  the  tension  00  the 
draw-bar.  or  any  oiher  force,  had  been  communicating  to  that  same  car  body 

continuously  a  force  of  20  pounds  (or  one  pound  per  ton  in  excess  of  all 

321.600 

resistance!  the  car  would  have  to  move  through  a  distance  of =  16.060 

20 

feet  to  store  up  within  itself  321.600  foot  pounds,  and  hence  to  acquire  the 
velocity  that  it  acquires  when  falling  freely  through  space,  or.  when  acted 
(in  anv  direction)  by  a  force  equal  to  its  weight,  in  16  oS  ft. 

390*  This  velocity  once  acquired,  the  corresponding  amount  of  eueigj  stoccd 
in  the  car  mav  be  expended  in  anv  one  of  the  folio  wine  wavs : 

Ff^st,   It  may  theoretically)  by  pr.per  mechanical  appliances  be  made  to  lift 


k 
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the  body  vertically  through  a  height  of  16.08  feet,  which  it  will  do  in  one  second 
of  time,  and  bring  it  to  a  state  of  rest. 

391.  Si^condly.  It  may  be  made  to  lift  the  body  up  an  inclined  plane  A^  A\ 
A",  A"\  Fig.  64,  as  on  a  grade  of  any  rate,  against  the  action  of  gravity.     In 


Pig.  &|. 

this  case,  if  there  be  no  other  resisting  force  but  gravity,  the  body  will  rise 
through  the  same  vertical  height  in  all  cases  before  coming  to  rest.  The  dis- 
tance run  and  the  time  occupied  in  the  ascent  will  alone  vary.  The  vertical 
elevation  surmounted  will  not  vary.  But  as  there  is  a  resisting  force  (rolling 
friction)  which  is  so  much  per  foot  run,  these  conditions  do  not  precisely  obtain 
in  practice. 

392.  Thirdly.  It  may  be  made  to  propel  the  body  on  a  level  against  the 
resistance  of  axle  and  rolling  friction.     If  the  natural  resistance  to  motion  be 

7  lbs.  per  ton,  or  70  lbs.  for  the  car,  its  accumulated  energy  of  321,600  foot- 

321.600 
pounds  will  continue  it  in  motion  for  a  distance  of =  4594  feet  before  it 

comes  to  a  state  of  rest. 

This  "rolling  friction,"  so  called,  of  7  or  a  pounds  per  ton  of  2000  pounds  is 
precisely  equivalent  in  its  mechanical  effects  to  a  grade  rising  7  or  a  feet  in 
2000,  or  to  the  "  grade  of  repose"  before  explained  (par.  384). 

It  follows,  therefore,  that  any  given  grade  other  than  a  level  is  equivalent  in 
its  mechanical  effect  upon  the  train,  if  it  be  an  ascending  grade,  to  the  actual 
rate  of  grade //mj  the  grade  of  repose;  and  if  it  be  a  descending  grade,  to  the 
actual  rate  minus  the  grade  of  repose. 

393.  Fourthly.  The  accumulated  energy  of  the  car  may  be  sooner  exhausted 
by  calling  in  the  action  of  brakes  in  addition  to  the  resistances  of  gravity  and 
rolling  friction.  If  there  be  brake-blocks  on  half  the  wheels  only  (which  has 
until  recently  been  the  general  custom  for  freight  service),  and  the  pressure  00 
them  be  equal  to  the  load  on  the  wheel,  which  is  somewhat  more  than  Uiat 
which  the  ordinary  brake  leverage  is  intended  to  give  (modern  experiment 
indicate  that  not  more  than  two  thirds  of  the  load  on  the  wheels  is  a  aai« 
pressure),  and  if  the  coefficient  of  friction  between  brake  and  wheel  be<}^fHitch 
is  about  an  average  (it  varies  in  reality  from  ^  to  \)  then  the  retardiflig 
on  the  car  will  be  — 

Brakes.  -^^^^  X  i  X  J  =  1,667  Iba. 

2 

Normal  rolling  friction  as  above  =      70   " 
Resistance  of  grade  if  on  a  level  =        o   ** 


Total  resistances  on  a  level  =  1,737  tt»-*i''*73r7  H^  -$tgf 


344    CHAP.  IX.—XISE  AND  FALI^EFFECT  OF  VELOCITY. 

ton  of  2000  lbs.     The  car  will,  consequently,  come  to  a  state  of  rest  on  a  levd 

J     .         ^.               *  321.600  ft. -lbs.         ^     ,  .... 

grade  in  a  distance  of =  185   feet,  supposing  the  brakes  to  be 

instantly  applied  and  with  their  full  force,  neither  of  which  is  Tery  likely  to  be 
the  case. 

If  the  car  be  on  an  ascending  or  descending  grade  instead  of  oa  a  leTel  Cbc 
-{-or  —  resistance  of  the  g^ade  is  to  be  included  among  the  resistances.     II  tbe 

car  stood  on  a  descending  grade  of  — -  =  8.69  per  cent,  or  45S  ft.  per  mile,  it 

2000 

would  continue  in  motion  forever  at  the  same  velocity  even  with  brakes  seC 
This  has  repeatedly  been  proven  practically  on  8  and  10  per  cent  grades. 

If  there  were  10  cars  in  the  train,  moving  at  the  velocity  of  32.16  feet 
second,  and  only  one  of  them,  as  above,  had  brakes  set,  then  we  should  bai 

Brake  resistance,  1.667  Ihs. 

Rolling  friction  70  X  io>  700 


«« 


Total  resistances  on  a  level.  2,367  lbs. 

.  3.216.000  ft. -lbs.  -  ...  .       ...  ^    ^         . 

and ■T—rr =  1359  »««^  *«  ^^  distance  in  which  tbe  train  would 

2.307  IDS. 

to  a  state  of  rest.* 

394*  Fifthly,  The  accumulated  energy  of  the  car  may  be  made  to  not 

jointly  with  tbe  foil  power  of  the  loco- 
motive to  carry  it  over  a  partkolnrlj 
difficult  gradient.  If  tbe  foil  powu 
of  the  locomotive  is  jnst  softrient  to 
carrr  the  car  or  train  over  aay  grade 
of  «  per  cent«  Figs.  65  to  67.  tbe  eo- 
ergy  of  momentum  will  cany  tbe  car 
FlG.65.  or  train  np  a  gT»3e  which  rises  in  all 

16  oS  feet  higher;  whether  tbat 
be  by  a  uniform  excess  of  rate,  as  in  Fig.  65.  or  in  a  kxal  excess  at 
points,  as  in  Figs.  66  and  67. 

In  th*s  case  the  office  of  tbe  loccMDotive  is  snippy  10  neutTaloe  all 
and  rv>IIisg  resistances  dae  to  the  «  per  cent  grade.     All  exxrax>c«HB  forces 
oentra!-7:ng  and  destroying  each  ocher.  the  ctj  nfnt  c^f  tbe  body  lifts  it 
the  ad  ^1:00^1  rise  of  :6.oS  feet,  precisely  as^  aad  to  tbe  r^II  extent  tbat.  tbeovy 
requires;  be:  if  the  power  of  the  k>co£cotire  is  comrCe^iciT  csed  cp  o«i  tbe 


caicgarfc-c  s  ace  qr=:e  cccrect.  bK&ae  t2ae  vter&  a  aadfexw  10 
veiccXT  ia  c«?e:aoc  v:ch  tbe  recuraoer  oc  tbe  car.  b&^nr  xx  eoiet^  oe  ^*«Kkw 
n— f  6  per  cck:  tc  tbe  trcal  rrr  rmx  of  tbe  car.  as  ac«c^  ax  tot.  ^v''*  ^C  jm^ . 
of  tis  k=»i  be  cn=a«r2r  BJk5e  as  Ji]bc^«s.  SiK   Sr  Ae  - 
ttS.  wiaci  =»d-=oe  tbe  rcosve  eMEX?  oc  tb( 


CHAP,  IX.— RISE  AND  FALL— EFFECT  OF  VELOCITY.     34$ 

cent  grade,  the  train  will  come  to  a  state  of  rest  at  the  summit,  which  is  16.08 
feet  higher,  in  spite  of  the  exertion  of  the  full  power  of  the  locomotive  and  the 
aid  of  the  stored  energy  jointly.     Grades  so  operated  are  called  momentum 

GRADES. 


I 


Fig.  66.  Fic.  67. 

396.  Sixthly,  The  accumulated  energy  in  the  car  may,  in  theory,  be  made 
by  proper  mechanical  appliances  to  compress  a  spring,  drive  a  pile,  or  do  any 
other  kind  of  work  whatsoever  capable  of  measurement  in  foot- pounds.  If  a 
spring  required  a  force  of    10.000  pounds  to  compress  it  one  inch  and   its 

resistance  continued  uniform,  then  the  energy  of  the  car  body  would  compress 

321,600 
the  spring =  32  16  inches.     A  perfectly  elastic  body,  to  which  a  spring 

approximates,  would  immediately  give  back  this  energy  to  the  car  and  repel  it 
with  equal  velocity.  A  perfectly  inelastic  body,  such  as  a  bank  of  earth,  which 
required  a  pressure  of  10,000  pounds  to  enable  a  body  of  the  size  of  the  car  to 
penetrate  it  one  inch,  would  (if  the  resistance  continued  uniform)  be  likewise 
penetrated  32.16  inches,  and  would  not  repel  the  body.  The  energy  would  be 
converted  into  heat. 

A  pile  which  opposed  a  static  resistance  to  motion  of  100,000  pounds  would 

'121  600 

in  theory  be  driven  - — '■ =  3  21  feet,  or  322  similar  piles  would  be  driven 

100.000 

o.oi  feet,  if  the  resistance  to  motion  were  uniform,  which  it  is  not 

396.  A  rod  of  iron  of  one  square  inch  section,  which  would  require  a  load 
of  26,000.000  pounds  to  extend  it  to  double  its  length  if  its  resistance  to 
extension  continued  uniform, — i.e.,  whose  modulus  of  elasticity  was  26  000,000, 
— would  sustain  a  force  of  only  some  50,000  pounds  without  rupture,  and  say 
35,000  pounds  without  producing  a  permanent  set.  Therefore,  if  those  effects 
are  to  be  avoided,  the  stress  on  the  rod  must  at  no  time  exceed  that  limit;  and 
since,  if  the  car  is  to  be  stopped  by  the  rod,  321,600  foot-pounds  are  to  be 
absorbed,  by  reaction  against  a  force  beginning  at  zero  (since  the  slightest 
force  will  extend  the  bar  somewhat)  and  gradually  increasing  to  50,000 or  35,000 
pounds  respectively,  we  have 

321.600  «  ^    r 

— =  128.64  feet 

50,000  -♦-  2 

as  the  length  which  the  rod  would  have  to  stretch  to  avoid  the  rupture,  and 

321.600  «  - 

— :i =  257.28  feet 

25,000-1-2 
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as  the  length  which  the  rod  would  have  to  stretch  to  avoid  exceeding  the  elastic 
limit.     But  (assuming  uniformity  of  elasticity)  the  rod  can  only  stretch  in  any 

case  the  —- part  of  its  length  i 1  without  rupture,  and  only  half  that 

26,000,000  \i,300/ 

without  permanent  set. 

Therefore,  to  avoid  these  effects  and  yet  enable  the  bar  to  do  (or  use  up)  the 
requisite  amount  of  work  in  stopping  the  car,  it  would  have  to  be 

128.64  X  1300  =  167,232  ft.  long  to  avoid  the  rupture,  and 
257.28  X  2600  =  668,928  ft.  long  to  avoid  permanent  set; — 

which  are  rather  long  bars.  The  consequences  to  the  car  body  also  we  will  not 
consider,  but  the  example  will  serve  to  illustrate  the  laws  of  the  mutual  converti- 
bility of  energy  or  work,  and  velocity. 

397.  From  this  ready  interconvertibility  of  velocity  and  work 
results  the  undoubted  fact — too  little  considered  by  engineers — 
that  train  resistance,  in  practical  operation  (i.e.,  as  measured  by 
the  tension  on  the  draw-bar  of  the  locomotive,  or  graphically 
recorded  by  a  dynamometer)  bears  no  very  close  and  apparent 
relationship  to  what  may  be  called  the  dead  resistance,  as  deter- 
mined by  adding  the  nominal  grade  resistance  to  a  certain 
rolling  friction,  without  paying  any  regard  to  the  efifect  of 
differences  of  velocity.  This  is  well  understood  by  all  those 
who  have  had  occasion  to  deal  with  dynamometer  experiments, 
and  is  the  greatest  difficulty  in  deducing  valuable  results  from 
such  experiments.  It  is  also  well  understood  in  a  practical  way 
by  locomotive  engineers,  who  appreciate  the  great  advantage  of 
a  "  run  at  a  hill  *'  and  the  disadvantage  of  a  stop  on  it. 

398.  Now  the  object  before  the  engineer  in  laying  out  a  rail- 
way is,  obviously,  to  lay  out  his  line  so  that  thb  demand  om 
THE  LOCOMOTIVE,  and  not  the  absolute  grade  resistance '  (which 
latter  is  in  itself  a  thing  of  no  moment),  shall  be  as  nearly  uni- 
form as  possible,  under  the  conditions  which  actually  exist  in 
the  daily  routine  of  operation.  If,  at  a  certain  point,  the  veloc- 
ity of  the  trains  has  certainly  to  be  increased,  in  addition  tO 
overcoming  the  normal  grade  and  rolling  resistances,  the  gradi* 
ent  is  in  effect  increased  at  that  point.  If  at  a  certain  other 
pomt  velocity  can  safely  be  acquired  before  reaching  it  and  then 
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surrendered,  the  grades  are  in  effect  reduced.  The  virtual  oi 
equivalent  profile,  including  these  effects  of  velocity,  is  what  the 
engineer  should  study,  and  should  consider  as  the  true  profile 
of  the  line  for  operating  purposes,  as  distinguished  from  the 
nominal  grades  shown  by  the  levels  and  the  plotted  profiles. 

399.  The  two  are  widely  different  even  in  freight  service, 
and  much  more  so  in  passenger  service.  Thus,  when  a  train 
starts  out  from  a  station  it  has  to  acquire  a  certain  velocity  as 
speedily  as  possible — say  15,  20,  or  40  miles  per  hour;  giving 
which  velocity  is  mechanically  equivalent  to  lifting  the  train 
vertically  (see  Table  118)  7.99,  14.20,  or  56.80  feet.  This  rise, 
divided  by  the  distance  in  which  the  velocity  is  or  must  be  at- 
tained, gives  a  grade  which  is  in  effect  an  addition  to  the  actual 
grade.  Thus,  if  there  be  a  station  at  A^  Fig.  68,  on  a  nominally 
level  grade,  and  it  be  necessary  to  acquire  a  velocity  of  21.3 
miles  per  hour  (being  nearly  the  "  velocity-head,"  as  per 
Table  118,  for  16.08  feet),  and  it  be  necessary  to  acquire  that 
velocity    in   at    most   2000   feet,  the   "virtual"   grade   is   that 

shown  by  the  solid  line  in  Fig.  68,  or  — '- —  =  .804  per  cent. 

20 

If  the  train  then  strikes  a  down  grade,  no  change  in  the 
strain  upon  the  draw-bar  necessarily  takes  place,  nor  probably 
will  take  place,  if  the  grade  be  short 

or  the  speed  high.     More  probably,  ^ — -• 

the   same   steam-power  and    ten-  ^  gj 

sion  on  the  draw-bar  will  be  contin-  -4.i*«cr™--— ^^ 

uously  exerted,  and  the  excess  of  Fig.  68. 

power  over  that  consumed  by  the 

resistances  will  be  stored  up  in  the  train  as  velocity,  to  be 
surrendered  in  part  on  the  next  up  grade;  and  so  on  indefi- 
nitely. 

In  fast  passenger  service,  with  a  sufficiently  good  track  and 
alignment  to  admit  of  high  speed,  the  amount  of  energy  required 
to  cause  even  slight  modifications  of  speed  between  stations  is 
so  great  that  the  effect  of  undulations  of  gradients,  even  of  con* 
siderable  size,  is  almost  wholly  eliminated. 
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400.  Thus,  Fig.  69  is  an  ex- 
ample from  actual  practice  of  a 
very  bad  undulalory   profile  (for 
freight   service),  which   not  only 
•f        may  be,  but  actually  is,  operated 
I        by  express  passenger  trainsalmost 
'       as  a  level  grade. 
'  To  determine  in  practice  how 

\       velocity  afiects  the  o[>er>ition  of 
^       this  or  any  other  similar  profile  t 
\       a  problemof  (liesimplestpossible 
■^  .    characier.     We   require   nothing 
I  to  aid  us  but  Table  118.    Thus, 
v    let  us  suppose  that  an  express 
■3    passenger    train  approaches  the 
I    point  A.   Fig.   69,  as  it  actually 
'5    does,  at  a  velocity  of  about  50 
\    miles  per  hour,  the  point  being 
£    situated  at  the  foot  of  a  long  gen- 
E  ;    tie  incline.     This  velocity  being 
H  \    given,  in  order  to  run  without  a 
f  e    stop  to  the  point  B,  a  distance  of 
t  &   about  eleven    miles,   no    further 
\  "B    burden  is  hiid  upon  the  locomo- 

>  ^  tive  than  to  furnish  the  power 
%  "^  which  is  necessary  10  keep  ihe 
£  \  train  moving  on  the  "  equivalent" 
p  1  maximum  grade,  which  in  this 
E  H    case  IS  a  dead  level,  despite  the 

>  fact  that  Che  prcfile  maximum  is 
6       I  per  cent  or  52, L  ft.  per  mile. 

\  The  process  of  determining  in 

t  advance  whether  it  will  be  possi- 
I,  ble  to  operate  this  undulating 
'^  grade  as  a  level  gradient  in  this 
£       manner,  and  what  the  f^nctuationa 

of  velocity  must  be  to  do  it.  is  U 

follows ; 

40t.  The  train  at  the  point 

A.  moving  (by  assumption)  at  Jo 

miles  per  hour,  has  sufficient  vit 
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viva  or  "  velocity- head  "  (Table  118)  to  lift  it  through  88.75  ^eet  verti- 
cally before  coming  to  a  state  of  rest.  In  running  to  b,  it  makes  a 
rise  of  130—80  =  50  feet,  and  if  the  engine  is  to  do  only  the  work  due  to 
a  level  grade  all  the  work  of  lifting  the  train  through  this  50  feet  must 
be  done  from  the  energy  stored  as  velocity,  and  there  will  consequently 
be  left  in  the  train,  on  reaching  b,  only  88.75  "  5^  =  3^75  vertical  feet  of 
"  head,"  which  corresponds  (Table  1 18)  to  33  +  miles  per  hour.  The  par- 
ticular grade,  and  hence  the  horizontal  distance,  between  A  and  b  makes 
no  difference,  because  the  engine,  if  it  is  to  operate  the  grade  as  a  level, 
furnishes  the  power  to  overcome  the  frictional  resistances  on  a  level, and 
no  more ;  and  these  alone  are  affected  by  the  horizontal  distances. 

From  bx.Q  c  the  train  descends  30  feet.  Therefore,  the  engine  being 
supposed  to  continuously  exert  the  same  amount  of  force  to  overcome 
the  frictional  resistances,  all  the  additional  accelerating  force  due  to  the 
descending  grade  will  be  communicated  to  the  train  in  the  form  of  ve- 
locity, and  at  the  foot  of  the  grade,  at  c,  the  train  will  be  moving  with 
the  velocity  due  to  38.75  +  30=  68.75  vertical  feet,  which  (Table  118)  is 
44  miles  per  hour. 

From  CX.O  d  there  is  a  vertical  rise  of  20  feet,  and  consequently  the 
train  will  be  moving  at  d  at  the  speed  due  to  68.75  —  20=  48.75  feet,  or 
(Table  118)  37  +  miles  per  hour. 

402.  So  the  undulations  of  speed  continue,  as  shown  by  figures  and 
the  dotted  diagram,  until  on  reaching  the  point  ^,  which  is  neither  higher 
nor  lower  than  the  initial  point  A,  the  train  is  found  to  be  moving  with 
the  same  velocity  as  at  a,  or  50  miles  per  hour.  Whether  this  will  be  the 
case  at  any  point  we  can  determine  at  once,  without  tracing  up  the  inter- 
mediate velocities,  simply  from  its  relative  level  compared  with  A. 

Thus,  the  highest  point  on  the  stretch  is  at  elevation  140,  or  60  feet 
above  A,  The  train  here,  consequently,  will  have  only  the  velocity  due 
to  88.75  —  60  =  28.75  vertical  feet,  or  nearly  28i  miles  f>er  hour.  The 
lowest  point  is  the  point  «,  which  is  70  feet  below  A,  and  the  velocity 
at  that  point  will  consequently  be  that  due  to  88.75  +70=  158.75  vertical 
feet,  or  66.9  miles  per  hour. 

403.  Now  if  we  had  a  dynamometer  record  of  the  tension  on  the 
draw-bar  during  such  a  run  as  this  (which  the  writer  has  made  many 
times  over  that  identical  piece  of  track  at  approximately  the  assumed  ve- 
locities) we  should  find  it  absolutely  uniform  and  unvarying,  without  any 
appreciable  trace  or  evidence  in  the  recorded  strains  that  there  were  any 
undulations  in  grade  or  deviations  from  a  perfect  level  on  the  stretch 
passed  over.     If  we  were  to  stand  and  watch  any  coupling  of  the  train 


3SO    CHAP,  IX,^RISE  AND  FALL— EFFECT  OF  VELOCITY. 

we  should  be  led  to  the  same  conclusion.  Assuming  the  vertical  curvef 
connecting  the  grades  to  have  been  properly  put  in.  there  would  be  no 
"slack"  at  any  time,  nor  crowding  of  one  car  upon  another;  but,  on  the 
contrary,  there  would  be  a  continuous  and  substantially  uniform  tension 
on  every  draw-bar.  whether  going  up  hill  or  down,  and  the  motion  of  the 
train  would  be  as  steady  as  if  the  grade  were  in  fact  level,  as  to  all  intents 
and  purposes  it  is — at  that  velocity.  At  slower  velocities,  or  with 
intervening  stops,  or  with  very  high  summits,  the  conditions  are  widely 
different. 

404.  To  determine  the  effect  of  all  these  and  similar  facts  in  advance 
for  any  piece  of  track  and  any  assumed  speeds,  we  have  only  to  constnid, 
with  the  assistance  of  Table  ii8,  what  may  be  termed  the  equivalent  or 
virtual  profile,  which  is  the  actual  profile  so  modified  as  to  indade 
these  effects  of  probable  or  admissible  variations  of  velocity.  Thus  at  ^ 
Fig.  69  or  70,  moving  at  50  miles  per  hour,  the  train  is  in  the  same  oon 

A'(oi'Mihsp^Jf.)h' c'  ^' 


dition  mechanically,  as  respects  demands  upon  the  modre-power  as  if  it 
were  at  A\  Fisr.  7a  S8 .75  feet  higher,  moving  at  0+  miles  per  hour.  In 
either  case  it  would  arrive  at  the  point  b\  on  a  level  with  A\  at  a  velocity 
o*  0+  miles  per  hour.  As.  however,  it  has  only  to  rise  50  feet  to  i;  it 
will,  on  arriving  at  h.  still  retain  a  velocity  which  win  lift  it  tlirough 
3S.'*5  >^rtical  feet,  and  consequently  the  point  for  the  equiraleiit  pfofile 
is  at  y  5$.-$  feet  above  h.  To  have  the  equivalent  pr-r>  contimie  a 
line,  its  altitude  above  c  at  ^  must  be  6S.75.  and  the  tiaHa. 
must  be  moving  at  r  at  44  miles  per  hour.  As  this  is  aa  admi 
sien^r  velocity,  to  operate  the  line  «r  as  a  riitsal  kirl 
s:f*wv!  *s  not  impossible. 

405.  If.  at  the  point  r.  it  were  ceccssarr  to  dow  up  to  a 
of  20  n::;es  per  hour,  to  pass  tbrocgh  a  town  or  fee  sharp 
anv  ocher  rrason.  this  level  virtual  pro&je  cooSd  oct  be 
What  the  equ'valest  pro5je  wooid  actuaTy  be  ei;;xrTajesa  to. 
lined  by  Uvisg  cd  above  c  the  rertka!  ahissde  dae  30  a 
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of  20  miles  per  hour,  or  14.20  feet.  We  then  find  that  the  equivalent 
profile  becomes  a  sharp  descent  to  c, — requiring  the  excessive  use  of 
brakes,— and  an  equally  sharp  ascent  to  d' \  thus  showing  that  it  is 
practically  impossible  to  resume  the  original  velocity  at  d. 

406i  To  determine  what  velocity  we  might  obtain  at  d\  Determine 
by  computation,  or  from  experience  elsewhere,  what  is  the  maximum 

grade,  /,   Fig.    71.  up   which    the ^^ yi27?>' 

full  power  of  the  engine  could  keep  j  7T 

the  train   moving  at  20  miles  per         {5       ^  y^      j 

hour,  which  will  be  a  pretty  stiff    ^g^*"^2f    -       ,*^A>^^t^ 

grade.    The  difference,  dd"^  Fig.  71,  j      ^ o 

between  the   elevation    which    the         ^    »     1    "    1     1     1    T    t 
train  might  attain   on  such  grade  ^'***  7«- 

and  that  which  it  actually  has  to  attain  at  d  will,  if  the  engine  does  so 
exert  its  full  power  between  c  and  d,  be  communicated  to  the  train  in 
the  form  of  velocity,  and  it  will  be  moving  at  d  with  the  velocity  due  to 
14.20  +  dd^'  feet.  If  the  equivalent  grade  were  2  per  cent,  or  105.6  feet 
per  mile,  instead  of  the  actual  grade  of  0.5  per  cent  mile,  the  value  of  dd!* 
would  be  30  feet,  and  the  train  would  be  moving  at  d  with  the  velocity 
due  to  14.20  +  30  =  44.20  feet  =  35.3  miles  per  hour.  The  point  at  which 
it  will  be  mechanically  possible  for  the  train  to  entirely  recover  from  the 
effect  of  a  check  or  stop  at  c  may  be  determined  with  equal  simplicity 
(assuming  that  the  train  resistance  did  not,  as  it  would,  increase  with 
speed)  by  prolonging  the  2  per  cent  equivalent  grade  cd"  until  it  inter- 
sects at/  the  level  equivalent  grade  for  the  run  without  a  stop.  At  that 
point  the  traction  of  the  engine  may  be  reduced  to  that  due  to  a  level 
grade  and  the  run  continued  as  before,  as  shown  in  Fig.  69. 

407.  In  this  simple  manner,  it  will  be  evident,  an  equivalent 
profile — which  for  all  operating  purposes  is  the  profile,  and 
which  is  consequently  the  only  one  which  the  engineer  should 
consider  in  laying  out  the  line — may  be  constructed  almost  by 
inspection,  assisted  by  Table  118,  for  any  grade  or  section  of  line 
whatever,  and  for  any  speed  or  variations  of  speed  whatever. 
Such  an  equivalent  profile,  if  constructed  for  high-speed  trains, 
will  bear  little  or  no  resemblance  to  the  actual  profile;  and  even 
at  low  freight  speeds  it  will  be  very  seriously  modified^  and  widely 
different  in  appearance  from  the  actual  profile.  At  points  where 
a  stop  or  a  slackening  of  speed  occurs  the  equivalent  grade  may 
be  very  much  higher  than  the  actual.     At  other  points  where 
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considerable  velocity  at  the  foot  of  grades  is  probable  and  ad 

missible  it  will  be  very  much  lower. 

In  only  one  respect  is  such  a  profile 
liable  to  be  deceptive.  The  profile  it- 
self demands  no  allowances,  but  the 
hauling  power  of  an  engine  is  materially 
greater  in  making  a  start  from  what  it 
is  at  speeds  above  lo  or  15  miles  per 
hour,  at  which  latter  speeds  or  higher 
it  is  not  possible  ordinarily  to  utilize 
the  full  adhesion  of  the  locomotive,  for 
.^  *(  reasons  given  in  Chapter  XI.  and  XIII. 
Therefore  a  higher  virtual  grade  at 
stopping  points  only  is  not  necessarily 
a  limiting  gradient. 

408t  Fig.  72  is  a  representation  of  a  vir- 
tual and  actual  profile,  constructed  in  the 
above  manner,  for  an  assumed  maximum 
freight  speed  of  25  miles  per  hour.  We 
have  only  to  take  each  governing  point  in 
succession  ;  determine  for  each  what  is  the 
I.  actual,  probable,  necessary,  or  safe  velocity 
*r  at  that  point ;  lay  off  vertically  above  it  the 
^  £  vertical  feet  to  which  this  velocity  is  equiva- 
lent, as  given  in  Table  118;  and  connect  the 
points  thus  fixed  by  right  lines.  This  gives 
the  equivalent  and  for  all  operating  purposes 
the  actual  profile,  except  that  the  varying 
train  resistance  at  various  speeds  must  be 
remembered,  and  likewise  the  greater  adhe- 
sive power  of  the  locomotive  when  starting 
and  using  sand. 

409t  Thus  at  r,  where  a  stop  is  neces- 
sary, the  velocity  will  be  zero,  and  the  virtual 
and  actual  profiles  will  coincide.  The  grades 
approaching  this  position  on  each  side  are 
necessarily  much  heavier  in  the  virtual  than 
in  the  actual  profile.  At  other  points,  as  at  the  depression  d,  the  veloc- 
ity will  be  considerable,  and  the  approaching  grades  on  each  side 
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on  the  virtual  profile  very  much  reduced  by  that  fact.  At  still  other 
points,  as  at  the  foot  of  the  long  grade  e,  the  velocity  of  approach  may  be 
considerable,  and  yet  the  grade  so  long  that  this  velocity  has  but  a  slight 
effect  in  reducing  the  virtual  grade.  If  there  were  a  station  or  a  pretty 
heavy  minor  grade  near  the  foot  of  the  long  grade,  as  is  apt  to  be  the 
case,  no  surplus  velocity  at  all  could  be  assumed,  and  the  virtual  and 
actual  profile  would  again  coincide. 

For  a  further  example  from  practice  of  the  effect  of  varying  velocity  to  mod- 
ify gradients,  and  of  the  deceptive  indications  of  the  power  of  engines  obtained 
by  neglecting  it,  see  the  close  of  Chapter  XX. 

410.  It  will  be  evident  that,  in  practical  work,  a  virtual  profile  need 
not  be  constructed  for  the  entire  length  of  the  line,  but  only  at  points 
K'here  it  is  likely  to  make  an  important  difference.  On  long  stretches 
of  level  or  minor  gradients  we  need  feel  no  anxiety,  unless  at  stopping 
points.  On  long  stretches  of  maximum  grade  we  know  that  we  must 
'.ccept  the  actual  as  the  virtual  grade.  In  such  a  sag  as  that  at  </,  Fig. 
72,  it  is  plain  that  virtual  profile  will  differ  importantly,  but  it  is  unneces- 
sary to  draw  it  as  in  the  cut.  Granting  our  assumed  safe  velocity  in  the 
hollow  d,  of  25  miles  per  hour  (vel.-head,  by  Table  118,  22.2  ft.),  and  the 
assumed  velocity  of  10  miles  per  hour  (vel.-head,  3.55  ft.)  on  the  summits 
on  each  side,  the  assumed  difference  of  velocity  in  effect  makes  a  fill  2X 
d  of  22.2  —  3.5  =  16.7  feet.  We  have  therefore  merely  to  lay  off  vertically 
16.7  feet  above  d  and  connect  the  point  thus  fixed  and  the  actual  sum- 
mits by  a  dotted  grade  line,  and  we  obtain  the  same  virtual  profile  as 
that  shown  in  Fig.  72,  but  3.55  feet  lower,  so  as  to  touch  the  actual 
grade  line  at  the  summit ;  and  so  at  any  other  point. 

411.  The  danger  in  using  such  a  process  as  this  as  a  basis  for 
laying  out  grades  is  solely  one  common  to  most  engineering 
and  other  work — bad  judgment  as  to  the  practical  possibilities 
and  necessities.  Thus,  a  stop  may  be  required  where  one  is  not 
anticipated,  or  a  velocity  may  be  assumed  which,  owing'to  cur- 
vature or  other  cause,  may  not  be  practicable  or  expedient.  The 
possible  use  of  sand  in  starting  or  at  particular  points,  or  the 
varying  power  of  the  locomotive,  may  be  forgotten,  or  a  speed 
mav  be  assumed  at  summits  so  low  as  to  leave  an  insufficient 
margin  for  head  winds  and  similar  contingencies.  The  lowest 
speed  that  can  properly  be  assumed  at  a  summit,  as  a  general 
rule,  in  view  of  these  contingencies,  is  about  10  miles  per  hour 
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for  freight  trains  and  20  miles  per  hour  for  passenger  trains. 
Even  that  is  leaving  very  little  margin,  for  when  a  train  has 
fallen  below  a  speed  of  10  miles  per  hour  it  requires  very  little 
to  stall  it. 

Nevertheless  with  reasonable  care  and  skill  it  is  a  simple  mat- 
ter to  construct  such  a  profile  and  save  the  consequences  of  the 
vague  and  rash  guesses  as  to  the  effect  of  "  taking  a  run*'  at 
grades,  which  are  sometimes  made,  when  the  effect  of  momentum 
is  considered  at  all. 

This  most  important  caution  should  be  remembered,  however: 
With  the  virtual  profile  once  properly  constructed,  no 
FURTHER  liberties  CAN  BE  TAKEN  WITH  IT.  The  maximum  vir- 
tual grade  represents  precisely  the  power  of  the  engine;  and 
whether  the  virtual  gradient  be  100  feet  or  100  miles  long,  it  is 
equally  decisive  of  the  power  of  the  engine,  except  as  the  latter 
may  itself  vary. 

412.  It  will  be  evident  from  the  preceding  discussion  that 
rise  and  fall  has  the  most  serious  effect  on  slow  freight  service, 
and  will  in  all  cases  become  inadmissible  for  such  service  con- 
siderably before  it  becomes  of  serious  moment  for  passenger 
trains.  Such  an  undulation  of  profile  as  is  shown  at  d^  Fig. 
72,  for  example,  produces  hardly  any  measurable  effect  upon 
the  speed  of  a  fast  passenger  train,  simply  causing  an  undula- 
tion of  a  few  miles  per  hour  in  ordinary  passenger  speed  (say 
from  50  to  55  miles  per  hour),  which  is  hardly  perceptible  to  the 
senses.  In  this  rise  and  fall  is  unlike  curvature,  for  the  latter  (if 
the  grades  have  been  properly  compensated)  is  most  objection- 
able for  high-speed  service. 

413.  The  extremely  important  effect  which  even  very  mod* 
erate  fluctuations  of  velocity  may  have  to  modify  nominal 
grades,  even  for  slow  freight  trains,  is  illustrated  in  Fig.  73. 
According  to  the  profile  this  is  a  0.8  per  cent  (42  feet  per  mile) 
maximum  grade,  and  even  allowing  somewhat  for  the  effect  of 
*'  momentum"  it  would  be  very  apt  to  be  classed  as  a  0.6  grade. 
In  reality,  the  0.8  grade  at  the  top  of  the  hill  may  be  one  mile 
long,  and  it  can  still  be  operated  as  a  virtual  0.4  grade  (21  feet 
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per  mile)  if  we  may  count  with  certainty  on  approaching  the  foot 

of  the  hill  at  a  speed  of  23}      ~.:i— 1 ly^  iba\\    still 

be  able  to  turn  the  hill  with  ', 

a  velocity  of  nearly  10  miles  '  ^ 

per  hour,  our  highest  inter-  ^      rf    3 

mediate  velocity    being    j8  5      §    '' 

miles  per  hour.  \ 

If  we  cannot  count  on  a  ^ 

higher  velocity  than  15  miles  »-      j-    % 

per  hour  at  the  foot  of  the  2      5^ 

hill.whetherbecauseofcurva-  *  |'       i» 

ture.  a  station,  or  bad  grades,  S        | 

we  cannot  quite  do  this.     W(  I       I       "^ 

shall  have   only   18   instead   0  'I       ^    .    < 

24  vertical   feet   of   "head"  i  A  5  5  *    "  ^ 

the   train   at  elevation  120,  3  i?  "^  ^  ^    I  i 

which    we    must    have    at    1  "S      ?       <^ 

summit  to  avoid  danger  of  st 

ing.      As   we    use  up  0,4  fee 

head  for  each  station  of  0.8  g 

the    0.8    grade,    at     the     to] 

the    hiil     cannot     be     longer 

"8-3        '5 

=  =  — =  =  37.5   stations, 

entire  grade  is  to  be  operate 
virtual  0.4. 

Such    undulations    are    of 

iremely  desiiable  for  econom; 

or  tu  make  an  otherwise  impo  .        -  b 

cation  feasible.      Let  us  theref  -.       •  | 

mine    their  exact    effect   on   s  w       •<  o 

service  and  the  consequent  lin  S       j  t 

practice;  since  if  these  limits  S      3^ 

unnecessary  injury  may   be   done   to   the 

line.     In   Fig.  73,  for  example,  the  virtual  gradient  shown   is  a 

reasonable  one  because  at  no  point  does  it  reduce  the  speed  very 

low,  but  if  llie  points  at  elevations  60  and  110  were  ten  or  fifteen 

feet  higher  it  would  no  longer  be  so. 
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The  introduction  of  close  couplers  is  now  (1890)  rapidly  redncing^  the 
need  for  very  long  yertical  cunres. 

SAFE  LIMITS  OF  UNDULATIONS  OF  GRADE. 

414i  We  will  suppose  a  train  of  40  cars,  say  1300  feet  long  and  weigh 
ing  1600  tons,  to  be  moving  with  a  uniform  velocity  of  15  miles  per  hour 
(22  feet  per  second)  toward  station  100,  Fig.  74.  The  pull  of  the  loco* 
motive  is  perhaps  16,000  lbs.,  being  in  any  case  precisely  that  required 
to  move  the  train  at  15  miles  per  hour  on  a  long  0.2  grade. 

It  has  been  already  stated  (pars.  399,  403)  that  so  long  as  the  steam- 
power  of  the  locomotive  is  unvaried  the  relative  motion  of  the  train  and 
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the  tension  on  each  draw-bar  will  be  practically  uniform  and  unvarying; 
whatever  the  variation  of  grade,  the  change  in  resistance  taking  the  form 
of  increased  or  decreased  velocity.  The  only  time  when  the  tension  on 
the  draw- bar  is  not  absolutely  fixed  and  unvarying  is  in  passing  from 
one  grade  to  another,  and  this  occurs  as  follows  : 

415.  As  the  engine  passes  over  station  100,  Fig.  74,  continuously 
exerting  the  same  steam-power,  the  change  in  the  rate  of  grade  (from 
+  0.2  to  -  0.2)  makes  a  difference  of  8  lbs.  per  net  ton  of  its  weight,  or, 
say,  8x62.5  =  500  lbs.  in  all,  in  its  pull  on  the  draw-bar,  thus  increasing 
its  pull  on  tlie  train  for  the  moment  from  16,000  to  16,500  ll>s.,  or  about 
3  per  cent.  This  increased  traction  will  immediately  begin  to  make  the 
train  move  faster,  and  as  some  of  it  must  be  absorbed  in  making  the 
engine  itself  move  faster,  not  all  of  it  will  be  transmitted  backward  to 
the  train. 

Three  seconds  afterwards,  two  other  cars  will  have  passed  over  8UI» 
tion  100,  and  will  increase  the  traction  on  the  draw-bars  behind  them  bj 
some  320  lbs.  more.  This  increase  of  tractive  force,  likewise,  having  no 
extra  resistance  to  use  it  up.  will  take  the  form  of  an  increase  in  velocitj. 

So  as  each  car  in  succession  passes  over  the  break  of  grade  the 
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crating  force  gradually  increases  from  zero  (as  the  engine  approaches 
station  100)  to  8  lbs.  per  ton  of  weight  of  the  whole  train,  when  the 
entire  train  has  finally  passed  over  the  apex. 

416.  The  instant  that  this  occurs  the  tension  on  the  draw-bars  will  be 
precisely  the  same  as  before  throughout,  viz.,  that  due  to  the  work  of  the 
engine  only,  and  will  be  employed  in  the  same  manner — in  overcoming 
the  normal  train  resistance  on  a  grade  of  +  0.2  at  the  original  velocity; 
while  the  extra  accelerating  force  from  the  change  of  grade  will  be  act- 
ing upon  the  train  independently  to  communicate  velocity,  precisely  as 
if  it  were  descending  the  same  plane  without  resistance  and  with  no 
other  force  acting. 

The  final  velocity  at  stations  125  and  140  will  be  precisely  the  same  as 
if  it  had  fallen  freely  through  a  height  equal  to — not  the  actual  differ- 
ence of  level  between  100  and  140— but  through  a  vertical  height  equal 
to  the  drop  in  the  actual— 0.2  grade  from  the  dotted  +  0.2  grade,  on 
which,  by  assumption,  the  locomotive  was  exerting  just  enough  power  to 
keep  the  train  moving  at  15  miles  per  hour. 

What  will  be  the  velocity  of  motion,  then,  at  125  ?  G)mputing  it  as 
before,  we  have — 

The  original  velocity  of  15  miles  per  hour  is  equivalent  to  a 

fall  through  space  of  (see  Table  118) 7.99  feet 

The  dip  in  the  grade  is 10.00 

Hence  the  train  at  125  will  have  the  velocity  "  due"  to  a  free 

fall  of 17.99 

which  by  Table  118  will  be  22.5  miles  per  hour. 

This  is  an  entirely  safe  and  unobjectionable  velocity.  At  station  140 
the  "dip"  is  16  feet  instead  of  lo.o  feet,  and  the  velocity  acquired  is 
16.0  4.  7.99  =  23.99  vert,  feet  =  a  velocity  of  26.0  miles  per  hour,  which 
may  be  claimed  to  approach  the  utmost  limit  of  expediency  for  freight 
service. 

Had  the  dip  been  20  feet,  the  velocity  acquired  would  have  been 
about  28.1  miles  per  hour.  A  dip  of  20  feet  may  therefore  be  considered 
about  the  maximum  which  it  is  permissible  to  ride  over  in  freight  ser- 
vice without  shutting  off  steam,  on  good  track  and  with  favorable 
alignment. 

417.  These  velocities  would  actually  be  somewhat  less  than  the  fig- 
ures given,  owing  to  the  fact  (i)  that  the  centre  of  gravity  of  the 
train  does  not  rise  quite  as  high  or  fall  quite  as  low  as  the  highest  or 
lowest  point  of  the  track,  and  (2)  that  the  resistance  of  the  train  in- 
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creases  with  the  velocity  (see  Table  120  and  Chap.  XIII.),  whereas  we 
have  assumed  it  to  be  constant;  but  as  the  difference  is  of  no  great 
moment  in  the  details  we  are  now  considering,  and  as  the  neglect  of  it 
tends  to  safety,  it  is  not  here  considered. 


Table  120. 

Approximate  Grades  of  Repose  for  Various  Trains  (as  Determined  in 

Table  166).    See  also  Table  180. 


Velocity. 

Miles 

Per 

Hour. 

Freight  Trains 
of— 

Passenger  Trains 
or — 

Approximate  Genbkal 
Average. 

Twenty 
Cars. 

.  Fifty 

Cars. 

Four 
Cars. 

Twelve 
Cars. 

Grade 
Per  Cent, 

Feet 
Per  Mile. 

10 

15 

20 

25 

30 

40 

50 

60 

70 

0.30 

0.36 

0.46 

0.58 

0.73 
I.IO 

• . .  • 

•  •  •  ■ 

•  •  •  • 

0.28 

0  33 
0.40 

0.48 

0  59 
0.90 

•  •   «  • 

•  •  •   • 

•  •  •  • 

0.34 
0.40 

0.52 

0.69 

0.88 

1.38 
2.02 
2.81 

3-74 

0.27 

0.34 
0.42 
0.53 
0.65 
0.98 

1.39 
1.89 

2.49 

0.30 
0.35 
0.40 
0.50 
0.65 
1.00 
1.50 
2.25 
300 

16.84 
19.48 
21.13 
26.40 
36.32 
52.80 
79.20 
118.80 
168.40 

The  resistance  in  pounds  per  ton  is  g;iven  by  multiplying  the  above  by  90. 

418.  Now,  what  takes  place  in  the  hollow  at  140,  when  the  engine  be- 
gins to  ascend  }  Here,  if  anywhere,  is  the  point  of  danger,  and  here  is  in 
fact  a  very  great  danger,  the  precise  nature  and  limits  of  which  should  be 
determined.  The  danger  arises  from  the  fact  that  in  the  hollow  of  a 
grade,  where  the  head  of  the  train  is  on  an  up  grade  and  the  rear  of  the 
train  on  a  down  grade,  there  is  liable  to  be  a  momentary  crowding  to- 
gether of  the  train. 

This  liability  occurs  only  when  the  head  and  rear  of  the  train  are  on 
diflerent  grades.  We  have  just  seen  (p>ars.  415,  416)  that  when  the  whole 
train  is  on  the  same  grade,  however  great  its  rate  of  ascent  or  descent,  the 
tension  on  the  draw-bars  will  remain  the  same,  being  that  arising  from  the 
traction  of  the  locomotive,  and  the  additional  energy  communicated  to  or 
taken  from  the  train  by  the  grade  will  take  the  form  of  an  increase  or 
decrease  of  velocity,  which  is  uniform  throughout  the  train  because  the 
grade  is  uniform. 

419.  In  the  hollow  of  a  grade  this  is  not  so,  and  hence  arises  the 
tendency  for  the  rear  of  the  train  to  run  up  against  the  front  when  pass- 
ing such  points  under  certain  conditions,  taking  all  the  "slack"  out  of 


CHAP,  IX.— RISE  AND  FALL—SAFE  LIMITS  OF.  359 

the  train  and  bringing  the  draw-bars  into  more  or  less  compression.  The 
next  instant,  when  the  hollow  is  passed  and  the  uniform  grade  (whatever 
it  may  be)  is  struck,  the  normal  condition  of  tension  throughout  the  train 
returns,  but  returns  with  a  jerk;  for  with  the  present  awkward  style  of 
couplings  the  difference  in  length  of  a  train  in  tension  or  compression  is 
very  considerable.  The  "  slack"  varies  from  4  to  6  inches  or  more  per  car, 
according  to  the  degree  of  force  with  which  the  springs  are  compressed 
and  extended,  so  that  a  train  of  60  or  to  empty  cars  may  shorten  as  much 
as  30  to  40  ft.  The  jerk,  when  this  slack  is  "taken  out/'  is  exceedingly 
apt  to  break  the  train  in  two,  and  it  is  at  such  hollows  in  grades  that  most 
of  such  breakages  occur. 

420.  The  reality  of  the  danger  may  be  illustrated  by  a  literally  truthful 
anecdote :  In  the  old  days  of  iron  rails,  some  thirty-five  years  ago,  when 
derailments  were  much  more  frequent  and  more  easily  caused  than  now,  a 
certain  especially  poor  road  was  having  very  frequent  derailments,  so  that 
each  conductor  was  having  derailments  every  few  days.  One  of  the  older 
conductors  was  singularly  exempt  from  such  accidents,  for  which  no 
reason  appeared.  In  answer  to  repeated  questions,  he  at  last  confessed 
that  he  "always  kept  his  caboose  brake  set  up  a  little."  This  was  con- 
trary to  orders,  but  it  had  the  practical  effect  of  keeping  the  draw-bars 
always  in  tension,  and  at  the  cost  of  a  slight  waste  of  power  prevented 
the  more  serious  danger. 

Such  crowding  together  is  dangerous,  not  only  for  the  quick  jerk 
which  must  almost  inevitably  follow  it,  but  because  it  tends  to  crowd  the 
cars  out  sidewise  against  one  or  the  other  rail,  and  so  produce  irregularity 
of  motion,  causing  the  wheels  to  hunt,  as  it  were,  even  more  zealously 
than  they  ordinarily  do,  for  the  first  defect  by  which  they  may  escape 
from  the  track.     Especially  on  curves  this  is  very  dangerous. 

421.  The  philosophy  of  trains  breaking  in  two  is  simply  this :  At  the  top  of 
the  grade  the  steam  is  partially  shut  off  and  the  brakes  put  on  slightly  ;  but 
before  reaching  the  foot  of  the  grade  the  brakes  are  almost  always  let  off,  and 
the  train  strikes  the  foot  of  the  ascent  "  full  of  slack."  A  careful  engineman 
will  then  let  on  steam  gently,  and  all  will  be  well.  The  more  careless  will  "  pull 
out"  with  a  jerk,  and,  if  he  be  careless  enough,  he  will  be  almost  certain  to 
break  a  link  or  pull  out  a  draw-head,  for  such  parts  can  hardly  be  made  strong 
enough  (at  least  in  the  present  fashion)  to  resist  a  too  sudden  exertion  of  the 
power  of  the  engine.  To  a  great  extent  the  number  of  such  accidents  is  en- 
tirely in  the  hands  of  the  engineer.  It  has  not  unfrequently  happened  that, 
when  the  employes  were  annoyed  by  an  increase  of  train  or  other  cause,  the 
feeling  of  annoyance  has  taken  the  form  of  a  jerky  fashion  of  pulling  out  the 
throttle,  which  has  resulted  in  an  alarming  increase  in  such  accidents  and  ter 
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fified  a  doubting  or  inexperienced  superintendent.  So,  too,  the  introduction  of 
heavier  engines  has  had  and  will  almost  certainly  have  dangerous  consequences* 
— for  a  time, — partly  because  the  enginemen  are  really  inexperienced  in  hand- 
ling such  powerful  machines  and  partly  from  a  secret  willingness  to  throw  dis- 
credit upon  them. 

422i  We  will  consider  the  mechanical  reasons  why  a  very  slight  set- 
ting up  of  brakes  on  a  rear  car  should  reduce  these  dangers,  and  how — 
as  that  remedy  is  objectionable  as  a  regular  reliance — it  also  can  be  safely 
dispensed  with  in  passing  sags. 

A  train  of  cars  coupled  together  may  be  considered  as,  mechanically, 
A  single  solid  body.  All  solid  bodies  have  m  ore  or  less  elasticity,  and 
alter  their  dimensions  under  exterior  force  applied  to  certain  parts  only. 
A  train  has  more  than  usual  longitudinal  elasticity :  that  is  all. 

The  motion  of  such  a  body,  as  respects  the  action  of  gravity,  is  the 
same  as  if  its  mass  were  concentrated  at  its  centre  of  gravity. 

423.  The  centre  of  gravity  of  such  a  train  does  not  descend  into  the 
apex  of  the  hollow  in  Fig.  74  or  75  (assuming  such  sharp  intersections  of 
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Fig.  75. 

grade  to  exist  in  practice),  although  each  individual  car  does.  Its  path 
lies — for  simple  geometrical  reasons  which  the  student  may  be  assumed 
either  to  understand  or  to  take  for  granted — at  a  uniform  distance  above 
a  circular  arc  or  parabola  (according  to  the  assumptions  made)  tangent  to 
the  two  grades  at  the  points  e.g.,  one  half  train-length  from  the  apex.  In 
Fig.  75  we  assume,  as  the  simplest  case,  that  a  level  grade  intersects  an 
0.6  per  cent  ascent,  instead  of  a  —  0.2  and  +  0.4  grade  in  Fig.  74.  The 
results  we  shall  reach  are  not  essentially  varied,  whatever  the  rates  of  the 
separate  grades,  if  their  angle  of  intersection  is  the  same. 

Let  us  assume  for  the  moment  the  train  in  Fig.  75  to  be  exerting 
within  itself  just  energy  enough  to  balance  its  own  resistances,  so  that  it 
is  in  the  theoretical  condition  of  a  body  moving  in  vacuo  without  either 
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gaining  or  losing  velocity,  and  moving  at,  say,  26  miles  per  hour,  equal 
to  a  '■  velocity- bead  "  (Table  1 18)  of  13. 99  feet.  For  simplicity  we  will 
assume  the  train  to  be  iioo  feet  long  and  to  weigh  uniformly  one  ton 
per  foot,  and  we  will  assume  it  to  consist  of  only  8,  1 2,  or  more  very  long 
cars  instead  of  some  40.  as  it  probably  would. 

434.  Under  these  conditions,  when  the  train  has  reached  the  position 
mdicated  by  the  black  line  OC  in  Fig.  76,  with  the  rear  car  just  past  the 
apex  O,  its  centre  of  gravity  B  will  be  precisely  6.00  x  0.6  =  3.6  feet  higher 
than  at  A,  and  the  train  as  a  whole  will  have  surrendered  a 
energy  and  of  velocity  corresponding  to  that  height.    The  c 


gravity  will  have  moved  in  the  arc  AOB.  and  the  velocity  with  which 
the  train  as  a  whole  is  moving  at  any  point  Oor  B  is  given  with  absolute 
precision  by  substracting  the  ordinates  to  the  curve  from  the  base-line 
AA'  (rom  the  initial  "  velocity  head,"  as  is  done  in  Fig.  76.  At  B  the 
velocity  will  be  only  24.0  miles  per  hour. 

With  the  train  in  this  position,  each  car  considered  separately  would 
have  surrendered  the  energy  and  velocity  represented  by  the  successively 
diminishing  ordinates  aa',  and  if  the  train  were,  as  assumed,  a  body 
moving  through  space  from  original  impulse  without  resistance  or  com- 
municated force,  the  inevitable  effect  o(  such  conditions  would  be  to  pro- 
duce a  uniform  compression  throughout  the  body  at  all  the  points  aa" 
(each  rear  particle  pressing  against  that  in  frontof  it)  whenever  the  path 
of  the  body  were  deflected  upward,  however  slightly. 

435,  But  the  train,  although  as  a  whole  it  is  in  the  condition  stated, 
yet  internally  to  itself  is  in  very  different  condition.  A  strong  acce1ei> 
atmg  force  (the  engine)  is  acting  in  front  at  C;  a  strong  retarding  force 
(say  10  lbs.  per  ton)  throughout  the  rear  of  the  body.  The  two  counter- 
act and  destroy  each  other,  their  net  resultant  being  zero;  but  in  so  doing 
they  produce,  or  tend  to  produce,  a  state  ol  tension  throughout  the  train. 
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What  is  required  is,  not  that  this  tension  shall  not  be  reduced  in 
passing  changes  of  grade,  but  that  it  shall  not  be  exchanged  in  any  part 
of  the  train  (or  only  in  a  very  small  part)  for  a  state  of  compression.  A 
trann  may  be,  as  respects  its  couplings,  in  three  conditions : 

1.  In  tension,  its  normal  condition,  which,  whether  greater  or  less,  will 
only  extend  the  springs  a  little  more  or  less,  but  make  no  material  differ- 
ence in  the  whole  length  of  the  train. 

2.  In  neither  tension  nor  compression^  the  two  adjacent  cars  tending 
for  the  moment  to  move  with  the  same  velocity,  so  that  no  force  of  any 
kind  is  communicated  from  one  to  the  other.  This  condition  can  only 
be  momentary. 

3.  In  compression,  the  cars  behind  crowding  upon  those  in  front. 

In  the  transition  from  the  first  to  this  last  condition  lies  the  whole 
danger.  So  long  as  we  do  not  pass  the  second  (which  is  more  properly 
merely  a  line  of  demarcation  between  the  first  and  third)  we  are  safe. 

426t  This  we  shall  avoid  if  the  rear  car  (or  cars),  where  the  tension  is 
least,  nowhere  itself  tends  to  move  faster  than  the  train  as  a  whole  is 
moving  at  the  same  moment,  during  the  period  of  transition  from  one 
grade  to  another.  Figs.  75,  76,  or  78. 

The  rear  car,  when  travelling  on  a  grade  of  any  rate,  as  a,  b,  or  c.  Fig. 

77,  has  a  certain  frictional  resistance 
which  will  make  it  of  itself,  without 
exterior  assistance,  surrender  veloc- 
ity as  if  it  were  moving  on  the  dot- 
ted grade  without  friction,  instead  of 
on  the  actual  grade  with  friction. 
The  difference  between  the  dotted  and  actual  grade  is  the  so-called 
grade  of  repose,"  marked  g  in  Fig.  78.  By  even  a  slight  application  of 
brakes  this  grade  of  repose  may  be  very  greatly  increased. 

Since  the  train  as  a  whole,  then,  is  moving,  mechanically,  without 
friction,  and  surrendering  velocity  at  the  same  rate  as  if  its  mass  were 
concentrated  at  its  centre  of  gravity  and  moving  in  the  path  thereof  {A 

B,   Figs.  76  and  78),  at 
s  Greicfe  ofR^ose  of  last  Cak 
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Fig.  77. 


<( 


A 

:0 


Fig.  78. 


each  point  in  the  passage 
from  A  10  B  the  train 
as  a  whole  is  surrender- 
ing velocity  at  the  rmU 
due    to    the  grade  '0m 


which  the  centre  of  gravity  is  for  the  moment  moving  \n  its  path  AB» 
The  steepest  point  on  this  curve  is  at  the  tangent  point  B,  at  which 
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instant  the  rear  car  of  the  train  itself  strikes  the  up  grade  at  O,  and  en- 
counters the  same  retarding  resistance  as  the  rest  of  the  train,  so  that 
the  danger  of  its  crowding  up  on  it  is  then  past. 

427.  By  comparison  of  the  conditions  just  stated  for  the  last  car  and 
the  whole  train  we  deduce  this  simple  rule : 

To  OBVIATE  ALL  DANGER  OF  THE  REAR  PORTION  OF  THE  TRAIN 
CROWDING  UPON  THE  CARS  IN  FRONT,  WITHOUT  THE  USE  OF  BRAKES, 
AT  ANY  SAG  IN   A   GRADE  LINE: 

The  rate  of  the  grade  on  which  the  head  of  the  train  stands  must  in  no 
case  exceed  that  on  which  the  rear  of  the  train  stands  by  more  than  the 
"grade  of  repose  "  of  the  last  car.  Otherwise  the  latter  will  crowd  up 
upon  the  train, 

428.  The  grade  of  repose  may  be  increased  for  the  time  being  above 
the  normal  (i)  by  applying  brakes,  and  (2)  by  the  engineman  "pulling 
out  "or  beginning  to  exert  more  force  upon  the  train  at  or  quite  near  to 
the  apex  O,  In  the  latter  case,  until  the  train  has  acquired  a  velocity 
corresponding  to  the  new  tractive  force, the  "grade  of  repose"  of  the  reat 
car,  or  its  resistance  to  moving  with  the  train,  will  be  considerably  greater 
The  first  of  these  remedies  is  objectionable  as  a  regular  reliance,  and  the 
second  is  too  uncertain.  Therefore  the  rule  above  may  be  considered 
one  which  it  is  desirable  to  adhere  to  strictly  whenever  possible. 

429.  Since  the  conclusions  reached  above  depend  on  the  differ- 
ences in  the  rate  of  grade  (see  Figs. 
77  and  78),  it  is  obvious  that  they  ap- 
ply alike  to  all  hollows  in  grade  lines, 
whether  both  be  ascending,  both  de-  P»c«  79. 
scending,  or  on^  descending  and  one 
ascending.  To  see  this  more  clearly 
(which  should  be  almost  self-evident),  w   "' 

tip  Fig.  78  in  various  directions  so  as 

to  correspond  to  all  the  conditions  of  practice.  It  will  be  obvious  that 
although  the  changes  in  the  absolute  velocity  of  the  train  and  every  part 
of  it  will  be  greatly  modified,  yet  that  the  relation  of  the  motion  of  the 
rear  car  to  the  whole  train  will  not  be  modified. 

430.  We  see  in  what  has  preceded  the  urgent  reasons  why  the 
use  of  long  and  easy  vertical  curves  in  the  hollows  of  grade  lines 
should  never  be  neglected.  The  conditions  are  entirely  different 
in  a  salient  or  rising  angle  in  a  grade-line  like  Fig.  79  and  in  a 
hollow  like  Fig.  80.     In  passing  over  the  former  there  is  only  a 
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momentary  increase  in  the  normal  tension.  If  too  sudden,  this 
is  objectionable,  so  that  vertical  curves  should  be  used  in  all 
cases;  but  it  is  the  reversal  of  strain  in  a  hollow  which  is  par- 
ticularly objectionable,  and  for  them  the  rule — The  change  in 
rate  of  grade  in  a  train-length  should  never  exceed  the  grade  of 
repose  of  the  last  car — should  be  strictly  adhered  to  when  the 
cost  of  doing  so  is  not  too  great. 

431s  From  this  it  follows  that  the  longer  the  train  and  the  lower  the 
grade  of  repose  the  easier  should  be  the  vertical  curve,  and  vice  versa. 
As  the  grade  of  repose  increases  with  the  velocity,  it  is  evident  that 
short  trains  at  high  speed,  like  passenger  trains,  are  in  little  danger  of 
any  such  effect,  and  that  to  obviate  it  altogether  the  longest  possible 
train  and  the  lowest  possible  resistance  for  the  last  car  or  cars  should 
be  assumed. 

The  lowest  probable  resistance  for  the  rear  of  the  train  at  any  such 
point  is  about  6  lbs.  per  ton.  Dynamometer  tests  of  freight  trains  show, 
indeed,  average  resistances  of  3i  to  4  lbs.  in  frequent  instances,  but  the 
speed  is  likely  to  be  high  at  the  particular  localities  in  question,  and 
there  is.  moreover,  a  certain  atmospheric  resistance  from  suction  at  the 
rear  of  the  train  (which  may  be  estimated,  by  analogy,  from  experiments 
on  a  small  scale,  at  about  half  as  much  per  square  foot  as  that  at  the 
head  of  the  train)  which  will  increase  the  resistance  of  the  rear  cars 
somewhat  above  the  rest  of  the  train.  Curve  resistance,  if  uncompen- 
sated (and  still  more  when  compensated,  in  descending  a  grade),  may 
affect  the  question  either  way,  according  to  its  location.  Grade  resist- 
ance, as  we  have  seen,  does  not  in  itself  affect  the  question  in  the  slight- 
est. The  difference  between  the  grades  at  the  rear  and  head  of  the  train 
alone  concerns  us. 

432.  The  utmost  length  of  train  will  depend  on  the  ruling  grade 
of  the  road.  An  empty-car  train  will  have  about  twice  the  length  of  a 
loaded  train  ;  but  empty-car  trains  are  unusual,  their  rolling  friction  is 
higher,  and  the  phenomenon  is  not  so  objectionable  that  it  may  not  in 
occasional  instances  be  permitted,  especially  as  it  can  be  avoided  hf 
brakes,  or  "  pulling  out,"  if  desired.  A  35-  or  40-car  train  will  be,  say, 
1200  ft.  long,  and  this  may  not  unreasonably  be  taken  as  an  average  maxi- 
mum. On  heavy-grade  lines  a  shorter  assumed  length  of  train  may  suf- 
fice, and  on  low-grade  lines  the  trains  may  be  much  longer. 

433.  Assuming  1200  ft.  (12  stations)  length  of  train,  and  6  lbs.  per 
ton  (0.3  grade)  for  the  resistance  of  the  rear  car  or  cars,  we  have  the  rule — 
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Vertical  curves  in  sags  should  he  400  ft,  long,  or  200  ft,  on  each  side 

Y  for  each  tenth  in  change  of  rate  of  grade,  making 

the  change  in  rate  of  grade  per  station  not  over  0.025  per  station,  if  ALL 
POSSIBILITY  of  bringing  the  draw-bars  of  any  part  of  the  train  into  com* 
pression  while  passing  over  it  is  to  be  avoided.  With  half  this  length  of 
curve,  which  is  considerably  more  than  is  usual  in  laying  out  vertical 
curves,  all  danger  of  "  taking  out  the  slack  "  in  the  front  half  of  the  train, 
where  there  is  most  danger  of  breaking  in  two,  will  be  avoided. 

434.  A  short  and  simple  method  of  putting  in  vertical  curves  is  given  at 
the  close  of  this  chapter.  The  omission  of  such  curves,  and  the  neglect  to  make 
them  lon^  enough  when  used  at  all.  is  one  of  the  most  prevalent  and  unfortu- 
nate of  the  minor  errors  of  location,  for  it  often  converts  a  sag  which  would 
otherwise  be  almost  innocuous  into  a  serious  disadvantage.  The  bad  results  in 
such  a  case  will  very  naturally  be  ascribed  to  the  sag  itself  instead  of  to  the 
bad  manner  of  putting  in  the  sag ;  and  in  this  way  a  prejudice  even  greater 
than  the  facts  justify  exists  against  such  breaks  of  grade.  With  proper  care 
they  may  be  used  harmlessly  with  some  freedom,  especially  as  it  is  nearly 
always  possible  to  take  them  out  in  part  or  whole  at  any  time  when  circumstan- 
ces seem  to  require  and  permit,  by  increasing  the  height  of  the  fills  or  grading 
a  new  line.  In  this  manner,  in  fact,  it  is  often  possible  to  provide  for  eventually 
securing  better  line  and  grades  than  it  would  otherwise  be  possible  to  obtain. 

So  soon  as  an  automatic  close  coupler  shall  be  adopted,  eliminating  all  loose 
slack  from  the  train  (and  it  is  now  clear,  for  reasons  given  in  Chapter  XII., 
that  such  a  coupler  is  the  only  proper  form  to  adopt),  much  of  the  impor- 
tance  of  connecting  breaks  of  grade  by  extremely  easy  vertical  curves  will 
disappear.  It  is  hardly  safe,  however,  to  count  upon  any  speedy  and  gen- 
eral action  in  that  direction. 

435.  Let  it  therefore  be  repeated,  that  so  long  as  (i)  it  is  not  neces- 
sary to  alter  in  any  way  the  steam-power  of  the  engine  to  avoid  too  high 
speed,  and  (2)  so  long  as  the  transition  from  one  grade  to  another  is  ex- 
tremely gentle  and  gradual,  such  breaks  are  a  matter  of  the  most  trifling 
moment.  But  to  this  rule  there  are  some  exceptions.  Thus,  a  sag  of  10 
or  15  feet  might  be  entirely  innocuous  on  a  long  tangent  between  sta- 
tions, yet  at  some  other  point  on  the  line,  where  the  profile  is  precisely 
the  same,  it  might  be  a  serious  and  even  dangerous  evil.  A  sharp  curve 
at  the  bottom  of  the  sag  might  necessitate  a  very  low  speed  there,  or  a 
heavy  grade  near  at  hand  make  high  speed  desirable.  A  station,  or  a 
siding,  or  crossing,  or  water-tank  may  in  the  future,  if  not  at  present, 
necessitate  a  stop  there.  In  any  such  case  the  sag  would  at  once  change 
its  character  from  a  harmless  economy  to  a  serious  and  costly  error,  if  it 
be  for  any  reason  a  permanency.     If,  on  the  other  hand,  it  can  be  taken 
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Fi&  8x. 


Fig.  8a. 


out  at  any  time  by  simply  filling  up  the  hollow,  of  course  far  greater 
boldness  may  be  used. 

436.  It  will  be  obvious,  furthermore,  that  the  effect  and  disadvan- 
tages of  such  sags  are.  other  things  being  equal,  the  same,  whatever  the 

rate  of  the  grade  on  which  the 
sag  occurs.  Thus  in  Fig.  8i 
there  is,  literally  speaking,  no  rise 
and  fall  at  all,  because  it  is  a  con- 
tinuous up  grade ;  yet  if  the  loco- 
motive be  ascending  this  grade. 
and  exerting  just  power  enough 
to  maintain  a  uniform  velocity. 
the  effect  of  the  mere  break  of 
grade  is  precisely  the  same  as  the 
actual  sag  and  rise  and  fall  in  Fig. 
82.  In  each  case,  if  the  train  be 
moving  at  a  uniform  velocity  of  12  or  15  or  20  miles  per  hour  {=  velo- 
city-head, by  Table  118,  of  5.1 1,  7.99,  and  14.20  ft.),  the  sag  will  increase 
the  velocity- head  by  4.0  ft.,  to  9.1 1.  11.99,  and  18.20  ft.,  and  the  velocity 
in  the  bottom  of  the  hollow  (neglecting  the  fact,  as  heretofore,  that  the 
centre  of  gravity  of  the  train  does  not  rise  quite  so  high  nor  fall  quite  so 
low  as  the  angles  of  the  grade)  will  be  increased  to  16.0.  18.4,  and  22.6 
miles  per  hour.  After  passing  the  bottom  of  the  hollow  the  train  begins 
^  lose  velocity,  and  on  again  reaching  the  main  grade  is  moving  at  the 
^me  velocity  as  when  it  left  it. 

437.  The  above  makes  clear  that  it  is  a  fallacy  to  count  up  the  num- 
ber of  feet  of  rise  and  fall  merely  from  the  ups  and  downs  as  shown  by 
the  differences  of  elevation  of  the  profile,  as  one  of  the  criterions  of  the 
excellence  of  a  line.  Ordinarily  this  may  not  prove  very  deceptive  but 
the  true  comparative  importance  to  be  ascribed  to  rise  and  fall,  and 
hence  the  limits  of  the  three  classes  of  rise  and  fall,  A,  B,  and  C,  as  sum- 
marized in  par.  367,  and  again  in  par.  451,  must  be  determined  in  a  dif- 
ferent way. 


LIMITS  OF  THE  CLASSES  OF  RISE  AND   FALL. 

438.  Limits  of  Class  A.  (The  least  objectionable  class.) — The  nor- 
mal freight  speed  may  be  assumed  to  be  15  miles  per  hour,  but  in  certain 
locations  it  is  not  likely  to  be  more  than  10  miles  per  hour,  and  in  other 
k>cations  it  may  usually  and  naturally  be  as  high  as  20  miles  per  hoar. 
Assuming  a  train  to  be  approaching  a  sag  in  any  grade- line  at  these 
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of  speed,  we  have  in  Table  121  the  maximum  velocity  which  sags  of  vari- 
ous depths  will  give  to  the  train. 

Table  121. 
Effect  of  Sags  of  Various  Depths  below  a  Continuous  Geadb-Lini 

AND    having    the    FoRM    OF  EITHER    FiG.    8l   OR   FiG.   82  TO  MODIFY  THE 

Speed  of  Trains. 

(Computed  by  the  aid  of  Table  xx8,  as  explained  in  par.  400  et  seq.) 


Grbatbst 
Dkpth  op 

Vkl.-Hbad  in  Train  at  Lowest 

Point  or  Sag  for  Speeds  op  Approach 

IN  Miles  Per  Hour  op— 

Maximum  Speed  in  Bottom  op  Sag 

poR  Speed  op  Approach  in  Milks 

Per  Hour  op— - 

Fbbt. 

10 

15 

20 

10 

IS 

20 

None 

5 

10 

15 

20 

25 

30 

3 
8 

13 
18 

23 

28 

33 

■55 
•55 
•55 
•55 
55 
■55 
.55 

7.99 
12.99 

17-99 
22.99 

27.99 
32  99 
37.99 

14.20 
19.20 
24.20 
29.20 
34.20 
39.20 
44.20 

10. 

15.5 
19.5 
22.9 
25.8 
28.3 
30.8 

15. 
19.1 

22.5 

25.4 
28.1 

30.5 
32.7 

20. 

23.2 

26.1 

28.7 
31  0 
33-2 
35.3 

This  table  assumes  that  the  train  is  approaching  at  a  uniform  speed,  and  that  the 
locomotive  continues  to  exert  the  same  uniform  power  in  passing  the  sag.  The  original 
velocity  will  then  be  resumed  after  passing  it. 

If  there  is  an  excess  of  accelerating  or  retarding  force  in  approaching  the  sag,  both  the 
speed  in  the  bottom  of  the  sag  and  the  speed  after  passing  it  wiU  be  correspondingly 
higher  or  lower  than  the  speed  of  approach,  but  the  table  will  not  be  essentially  modified. 


The  manner  of  computing  Table  121  should  be  carefully  studied.  It 
will  be  seen  how  little  the  speed  of  approach  affects  the  resulting  speed 
at  the  bottom  of  a  sag  in  grade-line  of  any  considerable  depth.  Twice 
the  speed  of  approach,  20  miles  per  hour  instead  of  10,  increases  the 
speed  in  the  hollow  only  some  15  per  cent,  or  4^  miles  per  hour.  It  will 
also  be  seen  how  comparatively  slight  is  the  effect  of  increased  depth  of 
sag.  A  lo-ft.  sag  increases  10  miles  per  hour  to  20,  but  it  takes  20  ft. 
more,  or  a  30  ft.  sag  in  all,  to  increase  the  20  miles  per  hour  to  30.  At  a 
speed  of  approach  of  20  miles  per  hour  a  lo-ft.  sag  increases  the  speed 
6.1  miles  per  hour  ;  the  next  10  ft.  (20  ft.  in  all)  only  4.9  miles  per  hour, 
and  the  next  10  ft.  only  4.3  miles  per  hour. 

439.  The  table  likewise  shows  in  part  (for  fuller  explanation  see 
Chap.  XVIII.)  why  a  very  slight  break  upwards  from  a  long  continuous 
grade-line  is  so  very  much  more  injurious  than  even  a  considerable  drop 
below  it.  Sags  even  of  30  ft.  will  not  produce  an  absolutely  dangerous 
speed,  but  a  rise  of  even  3I  ft.  above  a  grade-line  will  bring  a  train  mov- 
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ing  at  lo  miles  per  hour  to  a  stop,  or  a  train  moving  at  15  miles  per  hour 
to  a  speed  of  1 1.2  miles  per  hour. 

440.  The  highest  freight-train  speed  which  can  be  regarded  as 
reasonably  safe  and  practical  at  favorable  points  is  about  30  miles  per 
hour.  Such  speeds  are  ordinarily  far  less  objectionable  on  long  straight 
grades  than  on  undulating  grades,  for  the  reason  that  the  true  objection 
to  high  freight  speeds  (within  reason)  is  not  the  speed  itself,  but  abrupt 
alterations  of  speed.  With  long  and  easy  vertical  curves  (usually  want- 
ing), and  with  breaks  of  grade  so  designed  that  their  depth  will  not  give 
a  dangerous  maximum  speed  if  they  are  operated  as  virtual  continuous 
grades,  by  making  no  change  in  the  work  done  by  the  locomotive  but 
permitting  its  excess  of  work  to  take  the  form  of  velocity,  speeds  of  50 
miles  per  hour  for  the  moment  only  on  good  alignment  cannot  be  con- 
sidered as  in  the  least  objectionable,  and  are  very  common  in  present 
practice,  and  likely  to  become  more  so.     (See  par.  444.) 

If  we  assume  30  miles  per  hour  as  a  maximum  speed  at  certain  favor- 
ably situated  points  where  considerable  speed  is  desirable,  it  results  (see 
Table  121)  that  sags  of  20  or  even  30  ft.  from  a  grade-line,  according  to 
the  speed  of  approach,  may  be  operated  as  a  virtual  continuous  grade. 

441.  We  therefore  conclude  that,  as  a  general  rule,  but 
with  a  number  of  modifying  special  conditions,  a  sag  of  not 
exceeding  20  ft.  in  vertical  depth  from  the  main  grade-line,  if 
eased  off  by  a  long  and  easy  vertical  curve  in  the  hollow,  will 
not  require  any  slacking  up  or  variation  in  steam-power,  and 
that,  if  it  does  not,  it  is  entirely  innocuous,  except  for  the  greater 
wear  and  tear  which  may  result  from  the  higher  speed.  That  ex- 
pense we  will  estimate  in  par.  452  et  seq. 

442.  If  the  sag  be  deeper  than  20//.,  and  sometimes  if  it  be  consider- 
ably less  than  20  ft.,  we  have  a  more  objectionable  class  of  rise  and  fall 
(Class  B,  pars.  367  and  451).  It  will  then  be  necessary  either  to  put  on 
brakes  (which  is  really  the  best  practice)  or  to  merely  shut  off  steam  and 
"  pull  out"  again  at  the  foot  of  the  grade,  which  is  the  too  common  prac- 
tice. 

It  is  in  this  latter  kind  of  sags,  especially  if  they  have  no  adequate 
apology  for  a  vertical  curve,  that  most  of  the  draw-heads  are  pulled  out 
and  trains  broken  in  two,  in  the  way  explained  in  par.  418-421.  In  part 
this  is  avoidable  by  care  in  running.  Nevertheless,  with  the  greatest 
practicable  care,  it  is  not  possible  to  prevent  frequent  serious  jerks  to 
trains  in  sags  of  considerable  depth,  which  will  sometimes  break  them 
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in  two.  Such  sags,  therefore,  become  more  and  more  objectionable  as 
they  increase  in  depth,  even  when  it  is  not  necessary  to  use  any  brakes. 

443.  The  point  at  which  it  certainly  becomes  necessary  to  apply  brakes, 
and  consequently  the  point  at  which  the  cost  of  rise  and  fall  is  materially 
increased  (Class  C,  pars.  367  and  451),  varies  in  part  with  the  rate  of  grade, 
and  may  be  determined  as  follows  : 

The  grades  of  repose  for  various  speeds,  i.e.,  the  grades  on  which  the 
accelerating  force  of  gravity  just  suffices  of  itself  to  keep  the  train  in 
motion  at  the  given  speed  without  assistance  from  the  engine  and  without 
either  gain  or  loss  of  velocity,  are  about  as  given  in  Table  120,  page  358. 

It  follows  from  Table  120,  that  if  the  admissible  limit  of  speed  on  any 
part  of  the  line  be  given,  any  grade,  however  long,  on  a  rate  not  exceed- 
ing the  grade  of  repose  for  that  speed,  may  be  of  iudefinite  length  without 
ever  requiring  the  use  of  brakes,  because  all  that  is  necessary  is  to  shut 
off  steam  at  the  top  of  the  grade  A,  Fig.  83 ;  when  the  train,  in  descend- 
ing the  grade,  will  of  itself  either  acquire  or  lose  velocity  until  it  attains 


Fig.  83.  C"^>«-^^i 

The  dotted  line  shows  ^"^ 

the  virtual  gjade-line  of  a  ^ 

train  starting  from  the  top  of  the  hill  with  a  small  ve- 
locity, which  gradually  increases  until  it  becomes  as 
great  as  the  acceleration  of  gravity  is  able  to  maintain. 
On  the  stretch  AB  the  sp>eed  and  resistance  are  small, 
and  the  ordinate  B  represents  the  vertical  energy  stored  in  the  train  as  velocity.  On  the 
next  stretch  the  resistance  is  higher,  because  of  the  higher  s()eed,  but  there  is  still  an  ex- 
cess <>f  acceleration.  So  with  the  next  stretch;  but  as  the  resistance  grows  higher  and 
hij^her  with  each  increase  of  velocity  there  necessarily  comes  a  point  where  the  resistance 
an  J  aiceleratibn  balance  each  other,  as  given  in  Table  120. 

the  velocity  at  which  the  accelerating  force  precisely  balances  the  rolling 
resistance.  This  grade  will  be  seen  to  be  very  high  for  fast  passenger- 
train  speeds,  so  that  there  can  rarely  or  never  be  necessity  for  the  use  of 
brakes  on  descending  grades  of  less  than  i  per  cent  (52.8  ft.  per  mile)  in 
ordinary  passenger  service,  merely  to  avoid  excessive  speed  due  to  the 
gradients  tlieniselves.  Usually,  however,  heavy  gradients  are  accom- 
panied by  heavy  curvature,  which  latter  will  often  necessitate  on  long 
grades  a  rate  of  speed  but  little  higher  than  the  freight  maximum. 

444.  The  customary  speed  in  freight  service  shows  a  steady  tendency 
to  increase  at  points  where  velocity  is  of  assistance  in  hauling  heavy 
trains.  It  is  of  course  greatly  affected  by  the  character  of  the  line  as  to 
24 
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curvature,  but  the  idea  formerly  prevalent  that  the  most  economic^ 
speed  for  freight  trains  is  a  very  slow  one  has  been  pretty  thoroughly  ex- 
ploded, both  by  theory,  practice,  and  experiment.  £x(>eriments  by  Mr. 
P.  H.  Dudley  on  the  Lake  Shore  &  Michigan  Southern  Railway  have 
shown  directly  that  "  with  long  and  heavy  freight  trains  it  required  less 
fuel  with  the  same  engine  to  run  trains  at  i8  to  20  miles  per  hour  than  at 
10  to  12  miles  per  hour."  *  This  result — as  to  the  substantial  correctness 
of  which  there  is  little  room  for  doubt — is  not  due  to  the  actual  resist- 
ances to  motion  being  any  lower,  or  as  low,  at  the  higher  speed,  but  to 
^he  joint  action  of  the  following  causes : 

1.  To  the  saving  of  power  at  undulations  of  grades,  in  the  manner 
heretofore  discussed  in  this  chapter,  the  extra  velocity  serving  as  a  reser- 
voir of  power  and  so  preventing  waste  thereof. 

2.  To  the  less  time  of  exposure  of  the  locomotive  to  radiation — a  sav- 
ing, in  all  probability,  of  very  great  importance.     (See  pars.  344  et  a/.) 

3.  To  the  less  time  for  radiation  from  the  interior  surface  of  a  cylin- 
der into  the  exhaust  steam  ;  also  a  very  important  source  of  loss. 

On  the  other  hand,  evidence  presented  in  Chapter  XIII.  makes  it  at 
least  doubtful  if  the  resistance  is  more  than  a  pound  or  two  per  ton 
greater. 

445.  Whatever  may  be  the  cause,  the  expediency  and  economy  of  in- 
creasing freight-train  speeds,  on  fair  alignment,  up  to  20  and  even  (at 
points)  30  miles  per  hour  is  very  generally  recognized  and  acted  on  by 
the  more  prominent  managing  officers.  This  tendency  will  probably  be 
greatly  strengthened  in  the  near  future  by  (i)  tlie  general  adoption  of 
some  form  of  freight-train  brake  and  of  a  more  durable  and  stronger 
coupler,  and  by  (2)  the  increase  in  average  car-load  and  consequent  de- 
crease in  number  of  freight  cars  per  train,  with  the  natural  attendant  in- 
crease of  care  in  the  construction  of  freight  cars.  On  lines  using  the 
"speed  gauge"  the  usual  maximum  speed  specified  is  22  miles  per  hour, 
a  rate  in  all  probability  which  at  some  points  on  some  lines  has  been 
pensively  low,  and  would  have  been  still  more  so  except  that  the  g^d 
at  stations  are  usually  the  de-facto  limiting  grades,  and  not  those  betweeit 
stations. 

446.  It  will  therefore  be  safe  in  all  cases  to  assume  a  maximum 


*  Trans.  Am.  Soc.  C.  E.,  Oct.  1876.  The  explanation  there  given  by  Mr. 
Dudley,  that  at  the  higher  speeds  *'  the  locomotive  seems  to  produce  its  power 
more  economically  by  using  the  steam  expansively  to  a  greater  extent  than  at 
slow  speeds"  would  seem  to  be  certainly  incorrect,  except  as  the  less  time  loff 
internal  radiation  may  be  supposed  to  be  referred  to. 
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freight-train  speed  of  about  22  to  25  miles  per  hour  on  long  grades,  cor- 
responding to  a  grade  of  repose  of  something  under  0.5  per  cent,  or  26.4 
feet  per  mile;  and  this,  under  favorable  circumstances,  for  important 
ends,  may  be  assumed  to  be  increased  to  nearly  30  miles  per  hour,  corre- 
sponding to  a  degree  of  repose  of  something  over  0.6  per  cent,  or  32  feet' 
per  mile.  On  grades  not  exceeding  these  limits  rise  and  fall  on  grades 
of  any  length  will  not  be  likely  to  require  the  use  of  brakes,  or  to  en- 
danger objectionable  **  slack"  in  the  train,  with  the  most  moderate  care 
in  running, 

447.  The  point  at  which  a  grade  on  rates  exceeding  these  limits  be- 
comes so  long  that  the  use  of  brakes  will  become  necessary  is  readily 
determined  as  follows : 

Let  AB,  Fig.  84,  be  such  a  grade  and  AB*  be  the  average  grade  of  repose 
while  attaining  the  assumed  admissible  velocity,  say  0.4  per  cent,  for  a 

'•# 


^  >--^^. 


Flo.  84. 


maximum  velocity  of  25  miles  per  hour,  or  0.5  per  cent  for  30  miles  per 
hour.  Let  the  lowest  velocity  at  which  it  is  necessary,  expedient,  or  prob- 
able that  trains  will  approach  A  be  also  determined.  It  will  depend  on  the 
character  of  the  line  back  of  A,  If  ^  be  at  the  foot  of  a  long  grade,  no 
lower  velocity  than  the  maximum  admissible  could  safely  be  assumed, 
and  the  application  of  brakes  would  be  immediately  necessary  on  reach- 
ing A,  If  A  were  a  station  the  initial  velocity  would  be  O,  It  is  desira- 
ble that  the  velocity  should  be  as  low  as  possible,  but  as  enginemen  do 
not  always  pay  close  attention  to  little  matters  of  economy  such  as  sav- 
ing the  use  of  brakes— especially  if  behind  time — it  should  not  be  taken 
too  low.     Let  us  suppose  it  to  be  10 or  15  miles  per  hour;  then  we  have : 

Initial  velocity  at  A.  10  miles  per  hour.  15  miles  per  hour. 

Corresponding  velocity-head 3.55  ft.  7.99  ft. 

Corresponding  velocity-head  at  maxi- 
mum velocity  of  25  miles  per  hour.  22.20  "  22.20 


Difference 18.65  "  14.21 


« 


•< 
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which  latter  is  the  vertical  distance  Z>,  Fig.  84,  which  the  grade  will  have 
to  fall  below  the  grade  of  repose  before  the  train  will  acquire  the  maximum 
admissible  velocity. 

This  being  given,  it  is  a  simple  matter  to  compute  the  horizontal  dis- 
tance AD'  and  the  corresponding  vertical  fall  D  +  D'.     In  the  above 

example,  the  excess  of  the  actual  grade  over  the  assumed  0.4  grade  of 

18.65 
repose  being  0.6  per  cent,  we  find  Z?  +  /?'  to  be  —7-  =31.1  stations  for 

T  A  2 1 

an  initial  speed  of  10  miles  per  hour  and  — ^  =  23.7  stations  for  an  in- 
itial speed  of  15  miles  per  hour.  In  this  manner  we  may  construct  Table 
122. 

448.  Any  grade,  at  any  given  rate  whatever,  which  does  not  exceed 
in  length  and  vertical  rise  the  limits  of  Table  122  can  be  operated  in  the 
routine  of  freight  service  without  the  use  of  brakes  (the  cost  of  such  rise 
and  fall  being,  consequently,  very  much  less)  provided  that  there  be  no 
excessive  curvature  or  other  special  cause  near  the  foot  of  the  grade  to 
require  especially  low  speed  at  that  point.    Ordinary  curvature,  with  a 

Table  122. 

Distamok  within  which  the  Velocity  of  Trains  descending  Various 
Grades  without  Steam  or  Use  of  Brakes  will  exceed  the  Limits 
OF  25  and  30  Miles  Per  Hour,  starting  with  Various  Initial  Ve- 
locities. 


Rate  op  Grade. 


«>er  Cent. 


0.4 

0-5 
0.6 
0.7 
0.8 
0.9 
1.0 

t.S 

t.o 


Less  Grade 
of  Repose. 


0.0 
o.z 
0.9 
0.3 
0.4 

0.5 
0.6 
z.z 
Z.6 
9.6 


Admissible  Maximum  Velocity 
OF  as  Miles  Per  Hour. 


Initial  Velocity  at  Top  of 
Grade,  in  Miles  Per  Hour. 


0  + 

10 

15 

Infinite 

Infinite 

Infinite 

aaa.o 

186.5 

14a. I 

Ilt.O 

93a 

71.0 

74  0 

6a. a 

47-4 

55  5 

46.6 

35.5 

44-4 

37  3 

a8.4 

370 

3a. a 

a3-7 

ao.a 

17  0 

13. 9 

13.9 

II. 7 

8.9 

85 

7. a 

5-5 

20 


Infinite 
80.0 
40.0 
a6.7 
ao.o 
16.0 

»3-3 
7-3 
50 
3» 


Admissible  Maximum  VBLOcmr 
OF  30  Miles  Per  Hour, 


Initial  Velocity  at  Top  of 
Grade,  in  Miles  Per  Hour. 


0  + 


Infinite 
** 

3»9-5 

>59.7 
106.5 

79-9 
63.9 

3a  o 

ai.3 

ia.8 


ID 

15 

Infinite 

Infinite 

*t 

•« 

384.0 

939.6 

14a.  0 

119. 8 

94.7 

79-9 

71.0 

59-9 

56.8 

47-9 

a8.4 

94.0 

18.9 

16.0 

11.4 

9.6 

20 


Infinite 

»77-5 
88.S 

S9-e 
44.4 
35-S 

ii.t 
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Table  122. — Continued, 

Total  Vertical  Fall  in  Feet  from  Top  of  Grade  to  Point  where  the 
admissible  maximum  velocity  is  attained,  as  above. 


04 
Ov5 
e.6 

0.7 
0.8 
0.9 
t.o 

«-5 

a.o 
3.0 


Infinite 

Infinite 

Infinite 

Infinite 

Infinite 

Infinite 

Infinite 

III.O 

93« 

71.0 

40.0 

*4 

it 

»t 

66.6 

55-9 

43.6 

94.0 

I9X.7 

«70  4^ 

M3-8 

51.8 

43-5 

33a 

18.7 

1X1. 8 

99.4 

83.9 

44-4 

37-3 

a8  4 

z6.o     . 

85.8 

758 

64.0 

40.0 

33-« 

«5-5 

»4.4     1 

73.0 

63.9 

54  0 

37.0 

3a.a 

33.7 

"33 

63.9 

56.8 

47.9 

30.3 

«5  5 

19.4 

10.9 

48.0 

43.6 

36.0 

»7.8 

23  4 

17.8 

10. 0 

43.6 

37.8 

33.0 

ni 

31.6 

16.S 

9*3 

38.4 

34. a 

38.8 

Infinite 

106.5 
63.3 

47.4 
40.0 

35-5 
36.6 

33.6 

31. 3 


Computed  as  follows : 


At  speed  of 

Vcl.-head 

Do.  at  25  (and  30)  m.  p.h. 

Difference .... 

Assumed  average  grade 
of  repose 


0 

10 

>5 

20 

0.00 

3-55 

7.99 

14.20 

0.00 

3  55 

7.99 

32. 30 

32. 30 

22.20 

22.20 

31.95 

3»-95 

3«  95 

23. 30 

18.65 

14.21 

8.00 
.40 

3«.95 

28.40 

33.96 

14.30 
3«.95 

«7.75 


Then  the  actual  rate  of  gjade,  less  the  gjade  of  repose,  gives  the  fall  per  station  which 
goes  to  increase  the  velocity,  and  the  "differences"  above,  divided  by  the  surplus  fall  per 
station,  gives  the  number  of  stations  within  which  the  permitted  maximum  velocity  will 
be  attained,  as  in  the  first  part  of  the  table  above.  The  number  of  stations  X  rate  of 
grade  per  cent  gives  the  second  part  of  the  table. 

road-bed  in  good  condition,  can  be  operated  by  all  trains  with  almost  as 
great  safety  at  25  to  30  miles  per  hour  as  at  any  lower  speed,  if  the  speed 
does  not  require  to  be  suddenly  checked.  In  ascending  such  a  grade 
the  same  conditions  obtain  as  in  descending,  except  (i)  that  the  locomo- 
tive ascends  the  grade  using  steam,  whereas  it  descends  without  steam  ; 
and  (2)  that  it  starts  or  may  start  with  the  high  velocity  which  gradually 
decreases  instead  of  with  the  low  velocity  which  gradually  increases. 
We  are  not  now  considering  the  effect  of  limiting  gradients,  which  is  an 
entirely  different  matter,  but  assuming  that  the  locomotive  has  sufficient 
power  to  ascend  all  grades  at  necessary  speeds,  as  of  course  in  all  cases 
it  must.  The  cost  of  decreasing  the  length  and  increasing  the  number 
of  trains  to  effect  this  end,  which  constitutes  the  chief  objection  to  gradi* 
ents,  is  not  now  under  consideration  at  all. 
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449.  Summarizing  the  preceding  discussion  of  the    nature 
of  rise  and  fall,  we  have  found  that   it  may  be  divided  into   the   • 
following  classes,  having  a    very  different  effect  on   operating 
expenses : 

Class  A.  Rise  and  fall  on  minor  gradients  and  for  small  un- 
dulations, not  sufficient  to  make  it  necessary  to  vary  the  power 
of  the  engiite,  but  merely  causing  a  momentary,  gradual,  and 
unobjectionable  fluctuation  of  speed. 

Class  B.  Rise  and  fall  similar  to  class  A,  in  its  effect  in  speed, 
provided  steam  be  shut  off  in  descending,  but  not  requiring  the 
use  of  brakes  in  descending,  nor  seriously  taxing  the  power  of  the 
engine  on  the  ascent.    Tables  12 1-2  give  the  limits  of  this  class. 

Class  C.  Rise  and  fall  requiring  the  use  of  brakes  in  descend- 
ing, in  addition  to  shutting  off  steam,  in  order  to  avoid  exces- 
sive velocities,  and  consequently,  in  almost  all  cases,  more  or 
less  use  of  sand  in  ascending. 

450.  Rise  and  fall  is  most  conveniently  estimated  by  the 
number  of  vertical  feet  of  it,  since  the  cost  of  it  (which  in- 
cludes no  limiting  effect  on  trains)  depends  primarily  on  the 
length  of  grades  and  not  at  all  on  their  rate,  except  as  the  rate 
may  change  the  rise  and  fall  from  one  to  the  other  of  the  above 
classes.  A  foot  of  **rise  and  fall"  is  ordinarily  considered  as 
one  foot  of  ascent  with  its  corresponding  foot  of  descent,  so  that 
in  passing  over  a  hill  100  feet  high  there  are  100  feet  of  rise  and 
fall,  and  not  100  feet  ascending  +  100  feet  descending  =  200  feet. 

49i.  The  amount  of  rise  and  fall  of  each  kind  on  the  profile 
should  be  determined  thus  : 

A.  All  rise  and  fall  arising  from  hollows  in  grade-lines  not 
exceeding  the  limits  specified  in  connection  with  Table  121  (par. 
435  ^^  •^^^•)»  *^  ^hc  grades  are  connected  by  easy  vertical  curves  and 
are  not  too  near  stations,  or  very  bad  curvature,  will  belongs  to 
the  least  objectionable  class,  A.  If  the  hollows  are  sharp  and 
abrupt,  however,  even  if  quite  small,  the  rise  and  fall  will  be 
more  objectionable  than  the  worst  class  here  considered. 

B.  All  rise  and  fall  on  grades  too  long  to  come  under  Class  A, 
but  on  rates  of  grade  so  easy  that  the  train  can  never  obtain 
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a  dangerously  high  velocity  when  running  without  brakes  with 
steam  shut  off,  will  belong  to  Class  B.  So  also  will  rise  and  fall 
on  any  grade,  however  steep,  which  is  not  long  enough  for  the 
train  to  obtain  a  dangerously  high  velocity,  as  fixed  in  Table  122 
and  par.  447  et  seq.  So  also,  strictly  speaking,  will  the  upper 
part  of  any  grade,  however  steep  and  however  long,  on  which 
no  dangerously  high  velocity  can  result  according  to  Table  122  ; 
but  it  would  be  an  objectionable  refinement,  tending  to  an  under- 
estimate of  the  cost  of  bad  details  of  location,  to  so  consider. 

C.  Class  C,  therefore,  should  be  considered  to  include  the 
entire  length  of  all  grades  so  long  and  steep  as  to  require  the 
use  of  brakes  in  descending. 

The  ruling  grade  of  the  line  may  belong  to  either  Class  B  or 
Class  C.  In  either  case  it  will  involve  the  occasional  use  of 
sand  and  more  or  less  slipping  of  wheels,  and  perhaps  breaking 
in  two  of  trains  in  ascending,  and  thus  make  an  addition  to  the 
cost  of  either  class  which  would  not  apply  to  the  same  grades  if 
they  were  not  ruling  grades,  and  hence  did  not  so  severely  tax 
the  power  of  the  engine. 

The  limit  of  these  classes  will  vary  in  every  case,  but  there  is 
a  tolerably  sharp  line  of  demarcation  between  the  cost  of  each, 
which  may  be  estimated  as  follows : 

THE  COST  OF  RISE  AND   FALL. 

452i  Fuel. — Except  as  wasted  by  brakes,  there  is  no  loss  of  power 
(energy),  and  except  as  wasted  by  brakes  and  radiation  combined,  there 
is  no  loss  of  either  fuel  or  power,  from  any  amount  of  rise  and  fall  of 
Class  A,  if  we  neglect  the  slight  difference  in  frictional  resistances  result- 
ing from  a  (so  to  speak)  regularly  irregular  speed  instead  of  from  a  uni- 
form speed  averaging  the  same  in  miles  per  hour.  This  necessarily  fol- 
lows from  elementary  dynamic  laws.  Even  if  there  be  a  difference  in 
the  level  of  the  two  termini,  what  power  is  lost  in  going  in  one  direction 
is  regained  in  returning. 

When,  in  the  case  of  rise  and  fall  on  easy  gradients  requiring  no 
brakes  (Class  B),  we  run  a  part  of  a  distance  of  one  or  two  miles  (tht 
ascent)  under  steam  and  another  part  of  it  (the  descent)  with  steam  shut 
off.  assisted  by  gravity  only. — or  in  other  words,  assisted  by  the  energy 
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stored  in  the  train  during  the  run  over  the  up  grade  by  the  act  of  lifting 
it  against  gravity, — the  total  time  that  the  locomotive  is  exposed  to  ex- 
terior radiation  is  the  same,  and  probably  also  the  loss  of  heat.  The  loss 
from  interior  radiation  in  the  cylinders,  a  very  important  loss,  explained 
in  Chapter  XL,  is  affected  as  follows : 

It  is  increased  by  the  (probable)  lower  piston  speed  in  ascending  the 
up  grade. 

It  is  decreased  by  the  (probable)  later  point  of  cut-ofT,  and  hence  less 
oscillation  of  temperature  in  the  cylinder;  the  disadvantage  of  this  latter 
very  nearly  balancing,  as  experiment  shows,  the  theoretical  gain  from  an 
earlier  point  of  cut-off.  This  is  to  say,  from  both  of  these  causes  com- 
bined, the  steam  used  for  equal  work  in  the  locomotive  engine  is  about 
the  same  at  all  points  of  cut-off  less  than  half  stroke ;  which  leads  to  the 
conclusion  that  the  steam  (not  fuel)  used  to  run  an  engine  two  miles 
will  be  about  the  same  whether  the  work  is  uniform  for  the  whole  run  or 
is  all  done  during  the  first  mile  in  taking  the  engine  up  an  easy  gfadi^" 
down  which  it  runs  by  gravity  for  the  second  milo.  The  loss  by  ex- 
ternal radiation  during  the  last  mile  will  be  a  net  loss.  The  fuel  used 
will  probably  be  much  more  increased,  not  only  by  possible  blowing  off 
of  steam  from  the  safety-valve,  but  by  blowing  out  more  unconsumed  coal 
from  and  wasting  more  heat  through  the  smoke-stack,  owing  to  the 
stronger  draft.  In  Chapter  XI.  it  is  shown  that  in  proportion  as  the  work 
of  the  engine  is  increased,  economy  of  fuel  consumption  is  decreased. 

From  all  these  causes  combined  a  locomotive  running  without  brakes 
or  steam  down  grades  too  steep  to  continue  the  steam-power  unchanged. 
but  not  steep  enough  or  long  enough  to  require  the  use  of  brakes,  will 
burn  probably  one  fourth  to  one  fifth  more,  and  certainly  not  over  one 
third  more  fuel  in  ascending  one  mile  on  the  grade  equal  to  the  grade  of 
repose  (assumed  at  26  feet  per  mile,  or  0.5  per  cent),  and  then  descend- 
ing one  mile  without  steam,  than  in  running  two  miles  on  a  level.  Al- 
lowing one  third  more,  80  vertical  feet  of  rise  and  fall  on  such  grades 
will  waste  fuel  equal  to  the  average  consumption  per  mile. 

463.  When  brakes  are  required,  owing  to  the  grade  being  either  too 
steep  or  too  long  to  permit  of  operating  it  without  them,  the  power  used 
in  ascending  is  entirely  lost,  except  that  portion  of  it  which  is  just  suffi- 
cient to  keep  the  train  in  motion  on  the  grade  of  repose.  That  is  to  say: 
The  rise  and  fall  at  BC,  Fig.  85,  consists  of  two  parts,  the  upper  part,  B^ 
belonging  to  Class  B,  and  the  lower  part  only,  C,  belonging  to  Class  Q 
which  is  very  much  more  costly,  objectionable,  and  dangerous.  In  laying 
out  a  line  this  fact  must  be  borne  in  mind ;  the  lower  portion,  C,  estimated 
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at  its  true  value  and  avoided  if  possible ;  the  upper  portion,  B,  less  care- 
fully avoided.  The  limit  between  classes  B  and  C  may  be  taken  in  round 
figures  as  the  height  of  the  point  b.  Fig.  85,  above  or  below  the  grade  of 

repose  descending  from  A,  ^^^ «^-,. 

although,  strictly  speaking,  J^^^'^^^^^^^^^^^vT'/?-*.  ^p 

the  grade  of  repose  should    ^^""^  ^*^"**'*^^*"^^/?*^*^»»   \ 

be  drawn  in  starting  from  ^^"^^v^*'**'    \n 

the    point    on    the   grade  ^^^^^! 

where  the  limits  of  Table  ^• 

,  J  Fig.  85. 

122  and  par.  447  are  passed, 

so  that  dangerously  high  speed  before  reaching  the  foot  of  the  grade  is 

certain.     But  when  this  point  is  once  passed  great  care  in  handling  the 

train  on  a  grade  where  brakes  are  known  to  be  essential  cannot  fairly 

be  assumed,  so  that  it  is  fairer  and  more  reasonable  to  assume  that  all 

the  fall,  C,  Fig.  85,  will  be  of  the  objectionable  class. 

When  an  engine  is  descending  a  grade  without  steam,  the  wastage  of 
fuel  by  radiation  and  slow  combustion  is  at  first  (say  for  10  or  15  minutes) 
very  considerable — about  one  fourth  of  the  usual  consumption  per 'mile. 
The  loss  of  fuel  on  this  most  objectionable  class  of  rise  and  fall  may  be 
taken  as  equal  to  the  average  consumption  in  running  a  mile  for  every 
26  feet  of  rise  and  fall. 

454.  Repairs  of  Cars  and  Locomotives. — The  use  of  brakes  is 
excessively  destructive  to  wheels.  Table  114,  page  318,  will  make  it 
clear  that  something  like  one  third  of  the  total  cost  of  wheels  arises  from 
this  cause,  and  other  data  that  as  much  as  forty  or  fifty  per  cent  arises 
from  them.  Brakes,  however,  are  used  even  more  for  stopping  and 
starting  than  on  grades — sometimes  very  much  more;  and  the  whole 
cost  of  wheels  is  only  some  30  per  cent  of  freight-car  repairs  and  very 
much  less  of  passenger  cars.  The  records  of  wheels  drawn  on  the 
Pennsylvania  Railroad  indicate  (a)  that  about  30  per  cent  of  passenger- 
car  wheels  are  drawn  for  being  "  worn  fiat  from  sliding,"  and  that  their 
life  is  from  this  cause  abbreviated  from  one  third  to  one  half.  About 
one  sixth  of  the  wheels  are  drawn  for  being  "worn  flat  or  hollow  on 
tread."  which  class  of  wear  is  distinctly  ascribed  in  the  Pennsylvania 
classification  to  '*  wear  from  rail." 

If  we  should  consider  only  such  facts  as  these,  we  might  reach  the 
conclusion  that  the  wear  due  to  grades  must  be  a  very  important  element 
in  the  cost  of  freight-car  repairs;  but  by  referring  to  Table  86,  page  203, 
and  remembering  that  grades  are  only  one  of  many  causes  for  wear  and 
tear  of  cars,  we  shall  see  reasons  for  concluding  that,  while  it  is  exceed- 
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Ingly  difficult,  in  fact  impossible,  to  reach  an  exact  estimate  in  such  a 
mattter  as  this,  yet  that  it  is  not  probable,  if  all  grades  were  levelled  down 
flat  so  as  not  to  require  in  any  case  the  use  of  brakes,  except  for  stops, 
wheel  renewals  would  not  be  reduced  more  than  one  sixth  nor  car 
repairs  as  a  whole  more  than  one  tenth.  The  only  item  of  car  repairs 
other  than  the  wheels  affected  to  an  important  extent  is  the  cost  of 
draw-gear  and  links  and  pins,  and  the  loss  in  this  respect,  as  we  have 
seen  (par.  419).  arises  more  from  lack  of  proper  vertical  curves  at  breaks 
of  grade  than  from  the  grades  themselves. 

Table  123. 

Variations  in  the  Quality  of  Water  Supply,  Chicago,  Burungton  ft 

QuiNcv  Railroad. 


Grains  Pbr  Gallon. 

Lbs. 

Incnisting 

Matter  in  Tank 

of  9750 

Gallons. 

Comparative 

Incmating 

Matter. 

Lake  Michigan 

=  1.00. 

Locality. 

Incrusting 
Solids. 

Alkalies  and 
Non-crusting. 

Chicago  Division : 

Best 

Worst 

ID  666 
28.851 

1.365 
10. 788 

4.19 
11.33 

1.5 
3.9 

Average. 

St.  Louis  Division  : 
Best 

16.405 

4.898 
20.178 

2.853 

1.458 
2.449 

6.44 

1.93 
7.93 

9. a 
0.7 

2  8 

Worst 

Average 

11.490 

1.678 

4.51 

I  6 

Lake  Michigan 

Hudson  River 

7.305 
7.177 
5.362 
O.911 

0.626 
1. 136 
1. 511 
1-333 

2.87 
3.82 
2. II 
0.36 

I.O 

I  0 

Croton  River,  N.  Y  . . . . 
Loch  Katrine,  Scotland.. 

0.7 
0.1 

Incnisting  solids  include  silica,  oxide  of  iron  and  alumina,  carbonates  of  lime  and 
magnesia,  and  sulphates  of  lime  and  magnesia. 

The  standard  tank  of  the  road  carries  2750  gallons. 

The  non-incrusting  matter  may  be  partly  deposited  as  mud  and  partly  mechaiilcill;f 
combined  with  the  scale.  According  to  this  table,  an  engine  consuming  three  full  tanks 
of  water  per  day  would  in  a  week's  work  with  the  average  water  in  the  Chicago  Divisioii 
accumulate  at  least  116  lbs.  of  incrustation.  With  the  best  water  on  the  St.  r-*«^|f 
Division  (taken  from  the  Mississippi  at  Rock  Island)  the  result  of  a  similar  wedcHt  woric 
would  be  only  y^%  lbs.  of  incrustation.  The  difference  shows  the  importance  of  good 
water. 

The  water  of  Loch  Katrine,  Scotland,  from  which  Glasgow  derives  its  supply,  is  about 
the  purest  and  softest  known. 
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455.  The  cost  of  locomotive  tires  will  be  affected  in  much  the  same 
way  and  to  the  same  extent  as  the  cost  of  car  wheels.  The  life  of  the 
boiler  is  likewise  unfavorably  affected  by  an  intermittent  instead  of 
regular  demand  for  power,  although  this  effect  is  slight  in  comparison 
with  the  injury  suffered  from  the  cooling  off  of  boilers  at  the  end  of  the 
trip,  from  the  effect  of  bad  water  and  many  other  causes  not  connected 
with  the  grades  between  stations.  Table  123  gives  an  idea  of  how  im- 
portant is  the  effect  of  bad  water  on  locomotive  repairs. 

456.  It  is,  moreover,  true  of  both  engine  and  car  repairs  that,  as 
noted  in  par.  164,  when  we  search  for  evidence  of  the  effect  of  much 
rise  and  fall,  or  curvature,  or  (as  usually  happens)  both  together,  by 
comparing  the  cost  of  engine  and  car  service  per  mile  run  on  roads  or 
divisions  having  much  and  having  little  curvature  and  rise  and  fall,  we 
fail  to  find  it.  As  respects  grade,  this  results  in  part,  no  doubt,  from 
lower  speed  and  more  careful  handling  on  them ;  but  as  this  costs  the 
company  nothing  except  a  slight  delay,  we  may  fairly  regard  it  as  an 
ofTset,  to  some  extent.  In  the  first  edition  of  this  treatise  the  writet 
estimated  the  effect  of  rise  and  fall  at  5  per  cent,  on  the  total  cost  oi 
repairs  of  engines  and  cars  per  mile,  for  each  25  feet  per  mile  (0.5  pef 
cent,  nearly)  which  would  amount  in  2  per  cent  grades  to  something 
over  20  per  cent  per  mile  of  ascent  and  descent.  Taking  an  average  of 
the  mountain  divisions  of  the  Pennsylvania  Railroad,  this  would  require 
that  a  difference  of  at  least  15  per  cent  should  be  visible,  and  on  the 
Baltimore  &  Ohio  at  least  20  per  cent,  whereas  in  fact  no  such  difference 
appears  in  either  case.  This  fact,  together  with  a  careful  estimate  by 
items,  which  cannot  be  given  more  fully  than  above,  leads  the  writer  to 
believe  that  his  original  estimate  was  too  high  and  it  is  reduced  in  the 
estimate  below  (Table  124)  to  4  per  cent,  which  is  the  utmost  that  the 
statistical  evidence  seems  to  justify. 

Ow  Class  A  of  rise  and  fall  there  cannot  be  considered  to  be  any 
measurable  increase  in  the  cost  of  rolling-stock  maintenance  if  proper 
vertical  curves  are  used.  On  Class  B  (requiring  shutting  off  steam  for 
descending,  but  not  the  use  of  sand  or  brakes)  there  is  very  little — cer- 
tainly not  over  one  fourth  of  what  exists  on  the  worst  class,  C. 

457.  Wear  of  Rails. — The  effect  of  grades  on  the  wear  of  rails  Is 
exaggerated  in  popular  belief  for  want  of  a  proper  distinction  between 
the  effect  of  a  heavy  ruling  grade,  which  increases  the  number  of  trains 
and  the  proportion  of  engine  tonnage,  and  the  effect  of  rise  and  fall 
simply,  on  which  the  number  of  trains  and  proportion  of  engine  tonnage 
is  the  same  as  on  adjacent  sections  of  level  track.    Thus,  in  an  able  and 
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elaborate  report  on  the  wear  of  rails  on  the  Pennsylvania  Railroad, 
already  quoted,  an  increase  of  some  75  per  cent  in  the  wear  of  rails  on 
grades  over  which  almost  three  times  as  many  engines  pass  as  on  ad- 
jacent sections  of  level  track  was  ascribed  to  the  effect  of  grades  as  such, 
whereas  it  is  in  reality  merely  an  expression  of  the  fact  that  an  engine 
wears  the  rails  several  times  as  much  as  the  same  weight  of  cars  (par. 
115).  In  so  far  as  this  is  the  cause  of  extra  wear  of  rails  it  is  an  effect 
arising  from  the  limiting  effect  of  gradients,  and  not  at  all  an  inherent 
property  of  gradients  as  such. 

When  we  eliminate  this  extraneous  question  we  are  driven  to  the 
conclusion  that  the  wear  of  rails  due  to  gradients  as  such  is  almost  nii^ 
except  as  tlieir  rate  may  be  such  to  require  the  use  of  brakes  and  sand. 
The  use  of  sand  is  exceedingly  destructive  to  rails.  The  writer  found 
that  at  specially  exposed  localities  (near  stations  for  the  most  part),  where 
the  use  of  both  brakes  and  sand  was  usual,  the  wear  as  measured  by  loss 
of  weight  was  increased  some  75  per  cent ;  but  loss  of  weight  alone  is  an 
unfair  criterion,  since  the  wear  at  joints  is  a  very  important  factor  in  the 
life  of  rails,  and  often  requires  their  removal  before  they  are  fully  worn 
out.  Such  extreme  use  of  either  brakes  or  sand,  moreover,  is  p'** 
common  on  any  grade  as  at  the  points  covered  by  the  writer's  tests. 

458i  In  the  first  edition  of  this  treatise,  a  considerable  body  of  sta^ 
tistics  being  presented  and  discussed  to  which  it  appears  unnecessary  to 
again  give  space,  the  writer  estimated  that  the  wear  of  iron  rails  was  in- 
creased not  over  5  per  cent  per  25  vertical  feet  of  rising  grade  and  the 
same  on  the  corresponding  descent,  or  10  per  cent  for  eaoh  25  feet  of 
rise  and  fall,  making,  on  a  2  per  cent  grade  (106  feet  per  mile)  a  diflfer- 
ence  of  20  per  cent  in  the  aggregate  of  this  item  on  both  the  ascent  and 
corresponding  descent.  He  sees  no  reason  to  believe  that  this  estimate 
is  materially  in  error  in  either  direction  (unless  in  excess)  as  measuring 
the  effect  of  gradients  pure  and  simple,  without  modification  in  ike  num- 
ber of  engines  used  for  a  given  number  0/  cars,  and  this  latter  occurs  only 
on  the  worst  class  of  rise  and  fall,  C.  For  that  class,  a  proper  estimate 
for  iron  rails  might  be  expected  to  still  hold  good  for  steel,  since  the 
proportion  of  the  grade  wear  to  the  level  wear  has  not  been  greatly  af- 
fected by  the  introduction  of  steel  on  such  steep  grades,  where  ?peed  is 
slow. 

On  Class  A  there  is  certainly  no  direct  evidence  that  the  wear  of  rails 
is  affected  at  all,  with  steel  rails.  With  iron  rails,  which  failed  mostly 
from  lamination  and  which  speedily  wore  to  an  irregular  surface  on  top^ 
on  which  any  considerable  increase  of  speed  caused  greatly  increased 
wear  and  tear,  the  case  was  different. 
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Qass  B  of  rise  and  fall  likewise  has  little  effect  to  increase  rail  wear, 
but  as  it  is  apt  to  cause  a  somewhat  high  velocity  in  the  hollows,  it  un- 
doubtedly has  some  ill  effect ;  possibly  about  one  half  as  much  as  Class  C. 

459.  Maintenance  of  Road-bed  and  Track.— In  the  former 
edition  of  this  treatise  the  cost  of  these  items  was  estimated  as  increased 
in  about  the  same  ratio  as  the  rail  wear,  viz.,  5  (>er  cent  for  each  25  feet 
per  mile  (0.5  per  cent  nearly)  of  rise  and  as  much  for  the  corresponding 
fall.  A  liberal  estimate  in  such  a  matter  is  proper,  and  we  may  continue 
the  former  estimate  for  Class  C,  although  it  is  probably  somewhat  too 
high  for  average  conditions. 

On  Class  A  and  Class  B  the  disadygntagrpg  and  advantages  of  the^ 
gra^eTnay  be  fairly  considered  to  balance  each  other  as  respects  niain- 
"tenance  of  road-bed  and  track.  A  great  compensating  advantage  from 
the  grade,  besides  the  lower  speed,  is  the  more  perfect  drainage,  giving 
a  firmer  road-bed  and  prolonging  the  life  of  ties  and  ballast  as  well  as 
preserving  the  surface.  Level  cuts  are  always  very  objectionable,  as  has 
been  rediscovered  many  times  since  one  of  the  early  English  engineers 
laid  out  one  several  miles  long,  which  caused  immense  difficulty  (and 
still  causes  it),  several  costly  tunnel  culverts  having  to  be  driven  to  drain 
it.  Grades  of  any  moment  are  usually  situated  in  comparatively  rugged 
and  difficult  regions,  and  the  increased  expense  arising  from  that  cause 
is  very  apt  to  be  erroneously  ascribed  to  the  effect  of  the  gradients 
themselves.  Creeping  of  rails  is  an  annoying  effect  due  in  part  to  gra- 
dients, but  has  been  largely  done  away  with  in  recent  years  by  improved 
forms  of  joints. 

460.  Train  Wages.— It  is  quite  conceivable  that  one  or  more  addi- 
tional brakemen  may  be  required  on  a  line  of  much  rise  and  fall,  yet  it 
would  ordinarily  be  quite  improper  to  include  this  as  one  of  the  ex- 
penses arising  from  it,  for  this  reason :  Whether  or  not  such  additional 
force  will  be  required  is  usually  determined  by  the  general  character  of 
the  line  beyond  hope  of  change  by  the  engineer.  In  comparing  two 
radically  different  lines,  it  might  be  an  element  worthy  of  consideration, 
but  the  slight  modifications  which  are  ordinarily  alone  possible  can 
rarely  be  sufficient  to  in  themselves  make  any  difi'erence  in  this  respect. 

461.  Station,  Terminal,  and  General  Expenses,  as  well  as  train 
wages  and  a  large  proportion  of  the  other  running  expenses,  cannot  be 
considered  as  affected  to  any  appreciable  extent  by  any  changes  in  rise 
and  fall  not  of  the  most  radical  and  extensive  nature. 

462.  From  all  that  has  i^re^redt-A  yvre  may  deduce  that^n^Uiad^ 
ing  item  of  railway  expenditure  is  largely  affected  by  rise  and 
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fall  in  itself,  and  very  many  oi  them  not  at  all  affected.  In 
Table  124  appears  a  detailed  summary  of  the  aggregate  effect 
to  increase  expenses  of  each  of  the  three  classes  of  rise  and  fall, 
A,  B,  and  C: 

A.  Not  requiring  shutting  off  steam  nor  change  in  the  natural 
velocity,  nor  use  of  brakes  or  sand,    (See  foot-note  to  Table  124.) 

B.  Requiring  shutting  off  steam  at  the  head  of  the  g^de,  but 
not  use  of  brakes  or  sand. 

C.  Requiring  use  of  both  brakes  and  sand. 

463.  The  summary  of  the  cost  per  year  of  a  foot  of  rise  and 
fall  at  the  foot  of  Table  124  shows  its  cost  to  be — 

Class  C.  Class  B.  Claa  A. 

Cost  on  minor  gradients/ $2  67  $0  84  ^28 

Cost  on  ruling  gradients 3  S©  i  67  — 

Addition  to  cost  of  same  amount  of  rise 

and  fall  if  on  ruling  gradient o  83  o  83  ■ 

These  sum3,  divided  by  the  rate  of  interest  on  capital,  what- 
ever it  may  be,  will  give  the  justifiable  expenditure  per 
DAILY  TRAIN  to  avoid  One  foot  of  rise  and  fall.  Thus,  if  capital 
cost  6  per  cent,  the  justifiable  expenditure  per  daily  train  to 
avoid  100  feet  of  rise  and  fall  (iiC.,  100  feet  up,  with  the  corre- 
sponding 100  feet  down)  will  be  for  each  class, — multiplying  the 
above  sums  by  100  and  dividing  by  0.06, — 

Class  C  Class  a        Clus  A. 

If  on  minor  gradients $4*450        $i>400        $467 

If  on  a  ruling  gradient 5,833  2,783 

To  reduce  the  ruling  to  a  minor  gradi- 
ent (leaving  the  ruling  gradient  else- 
where unchanged) 1,383  1,383 

It  would  be  impossible,  however,  that  there  should  be  so 
much  as  100  feet  of  rise  and  fall  of  Class  A  at  any  one  point, 
since  if  there  were  so  much,  or  even  half  or  one  quarter  so  much, 
it  could  not  belong  to  Class  A.  The  value  g^ven  for  reduction 
or  a  ruling  to  a  minor  gradient  refers,  of  course,  merely  to  the 
DIRECT  saving  of  wear  and  tear  by  liaving  tiie  grade  easier,  and 
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Table  124. 
Estimated  Cost  Per  Train-Mile  and  Per  Daily  Train  of  26.4  Feet  op 

THE  Various  Classes  of  Rise  and  Fall. 
(Cost  of  train-mile  assumed  at  $i.oa) 


Itbm. 


Fuel 

Water,  oil,  and  waste. .  • . 

Repairs  of  engines 

Switching-engine  service., 
Train  wages  and  supplies. 

Repairs  of  cars 

Car-mileage 

Renewals  of  rails 

Adjusting  track 

Renewing  ties 

Earthwork,  ballast,  etc. . . 

Yards  and  structures 

Station  and  general 


Total, 


Toul 
Cost  of 

Item. 


7.6 

1^.2 

5.6 

5-2 

15.4 

10. 0 

2.0 
2.0 
6.0 
3.0 
4.0 
8.0 
30.0 


IQQ.O 


Percentage  of  same 
increasing  with  26.4 
feet  of  rise  and  fall 
to— 
;iastB. 


belonging 
assC      CI 


Class 


p.  c. 

too 
4.0 


p.  c. 

33i 
20 

i.o 


Unaffected. 


«i 


4.0  1.0 

Unaffected. 
10. o  5.0 

5.0  0.0 

5.0  0.0 

5.0  0.0 

Unaffected. 


9-7 


3*0 


Cost  per  traln-inile 
of  a6.4  feet  of  rise 
and  fall  belonging 

to- 
Class  C.      Class  B. 


7.6 

a.  6 
0.22 


0.4 

•  •  •  • 

0.2 

0.3 
0.15 

0.2 

•  •  •  • 

•  •  •  • 


pi  e. 

2.53    •^ 
0.24    •^ 

0.06 


•  •  •  • 
O.IO 

•    •   •    • 

o.id 
0.00 
o  00 
0.00 


9.67       3.03 


Per  Foot  of  Rise  and  Fall # 366  .115 

Per  Foot  of  Rise  and  Fall  per  Daily  Train  (round  trip). . .  $2.67         $0.84 

If  the  Rise  and  Fall  be  on  the  Maximum  Grade,  whether  on  Class  B  or 
Class  C,  the  wear  and  tear  of  rolling-stock  and  track  will  be  so  increased  as  to  add  at 
least  3.0  cents  [)er  train-mile  to  the  cost  of  26.4  feet  of  rise  and  fall,  giving  us  the  follow- 
ing comparison  : 

Class  C.    Class  B. 
Cost  per  daily  train  per  foot  of  rise  and  fall  on  Minor  Gradients,  as 

aix>ve, $3*67       $0.84 

Addition  to  cost  of  the  same  grade  if  a  Ruling  Gradient  due  to  the        ^ 

extra  wear  and  tear  on  ruling  gradients, 0.83  a  83 

Giving  as  the  cost  per  daily  train  per  foot  of  rise  and  fall  on  Ruling 

Gradients, $3-5o       $1.67 

A  Foot  0/  Rise  and  Fall  means  a  foot  of  ascent  with  its  corresponding  descent 
ft>ar.  450). 

Class  A  of  Rise  and  Fall  is  not  included  in  this  table,  because,  as  will  be  seen 
from  thepreceding  discussion  of  the  details  of  expenses,  no  expense  can  be  directly  traced 
to^  iFin  ~ahy  Stbgl^^f^m:  In  considering  this  apparently  doubtful  conclusion  the  strict 
limitations  laid  down  for' the  class  in  par.  435  et  seq.  are  to  be  remembered.  Moreover, 
although  the  effect  on  expenses  of  rise  and  fall  of  this  class  is  so  small  as  to  defy  separate 
estimation  by  items,  yet  as  it  causes  some  variation  in  the  velocity  of  the  train  there  must 
be  considered  to  be  some  disadvantage  arising  from  such  rise  and  fall  for  this  cause  alone, 
and  it  will  lead  to  no  serious  error  to  assume  its  cost  at  one  fourth  to  one  third  the  cost  0/ 
Class  B. 
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not  at  all  to  the  much  greater  value  which  results  from  reduciagf 
all  ruling  grades  throughout  the  line,  so  that  the  length  of 
trains  can  be  increased. 

464.  The  above  values  are  to  be  further  multiplied  by  the 
estimated  number  of  trains  per  day  (round  trip).  Thus,  if  there 
are  expected  to  be  10  trains  per  day  each  way,  the  value  of  sub- 
stituting a  level  for  a  hill  100  feet  high  becomes  $14,000  to 
$44,500  for  minor  gradients,  and  $27,830  to  $58,330  for  ruling 
gradients — which  are  very  considerable  sums  if  we  remember 
that  they  are  quite  apart  from  all  limiting  effect  of  the  gradi- 
ents. The  value  of  changing  the  rise  and  fall  from  Class  C  to 
Class  B  is  nearly  $30,000,  and  of  reducing  a. ruling  gradient  to  a 
minor  gradient  without  changing  the  class,  nearly  $14,000. 

469.  In  the  first  edition  of  ihis  treatise  the  cost  of  rise  and  fall  on  all  grades 
of  over  40  feet  per  mile  was  found  to  be — 

On    12^       feet  per  mile  (about         0.25)  grades $1  04 

25  ••      "     "     (    •*  0.5  )      ••     I  56 

35  (    "  0.7)      "     I  87 

"     40  to  50  •*      ••     "     (    •*  a8  to  i.o  )      "     2  08 

"     80  •«      ••     ••     (    "  1.5  )      '*     2  29 

"   125  "      ••     "     (    *•  2.5  )      "     2  40 

The  writer  has  been  forced  to  the  conclusion  that  these  estimates  were  too 
small  to  be  on  the  safe  side,  and,  despite  the  fact  that  the  steel  rail  and  other 
mechanical  betterments  have  materially  reduced  the  disadvantages  of  rise  and 
fall,  has  increased  its  estimated  cost  as  above. 

466.  It  will  be  clear  from  all  that  has  preceded  in  this  chapter 
that  the  disadvantages  of  rise  and  fall  are  measured  more  truly 
by. the  number  of  breaks  of  grade  than  by  the  actual  amount 
of  it  in  vertical  feet,  except  on  the  worst  class  of  all,  C,  on  which 
both  brakes  and  sand  have  to  be  constantly  used.  Even  on  the 
heaviest  grades  this  is  in  a  measure  true.  Thus,  the  long  i  per 
cent  grade  in  Fig.  86,  belonging  to  Class  C,  will  be  considerably 
more  objectionable  to  operate  than  a  corresponding  easy  g^de 
belonging  to  Class  A  or  B  of  rise  and  fall,  as  the  0.5  continuous 
grade  in  Fig.  86;  but  the  breaking  up  of  the  i  per  cent  grade 
at  frequent  intervals  by  stretches  of  lighter  gnide,  so  that  tlui 


•« 


I 

L 
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descent  is  made  half  on  one  grade  and  half  on  the  other,  so  far 
from  decreasing  the  aggregate  cost  of  the  grade  over  the  straight 


Fig.  86. 

I  per  cent,  will  in  fact  make  it  considerably  more  expensive  to 
operate. 

467.  Again,  1000  feet  of  rise  and  fall  concentrated  on  a  single 
grade  is  not  nearly  so  expensive  in  wear  and  tear  as  when  the 
same  amount  of  it  is  scattered  around  in  a  dozen  or  more  shorter 
and  widely  scattered  grades  of  the  same  rate  and  class  (par. 
462).  If  its  class  is  changed  by  such  breaking  up  the  case  is 
different.  Thus,  the  least  objectionable  class,  A,  of  rise  and  fall 
can  only  exist  when  there  is  very  little  at  one  point. 

468.  We  have  seen  (par.  414  et  seq,)  that  long  and  easy  verti- 
cal curves,  properly  used,  very  largely  obviate  the  disadvantages 
of  every  class  of  rise  and  fall,  however  much  broken  up  into 
short  sections;  in  fact,  properly  used,  they  forbid  the  breaking 
it  up  into  over-short  sections. 

It  is  so  extremely  important  that  vertical  curves  should  be 
sufficiently  long  and  should  be  properly  put  in,  that  we  may 
anticipate  here,  from  the  field-book  which  follows  this  volume, 
some  notes  as  to  the  proper  manner  of  putting  in  such  curves: 

469.  We  have  seen  (par.  426  ^'Z  seq.)  that  the  length  of  vertical  curves 
should  be  determined,  not  arbitrarily,  regardless  of  the  angle  between 
gradients,  but  by  the  amount  of  change  of  parade  per  station  which  is 
admissible ;  the  safest  rule  being  as  already  given — that  the  difference  in 
the  rate  of  grade  under  the  head  and  rear  of  the  train  shall  not  exceed 
the  grade  of  repose  of  the  last  car. 

A  rate  of  change  per  station  (100  feet)  of  .025  will  most  completely 
25 
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is  to  be  remembered  that  all  geometrical  diagrams  connected 
ly  location  are  greatly  exaggerated  or  distorted,  so  that  the 
of  chords  outlined  in  Fig.  89  are  in  fact  practically  coincident 
urve.  Fig.  90  gives  to  correct  scale  the  intersection  of  a  4 
1 1  feet  per  mile)  grade  with  a  level,  which  is  perhaps  twice  as 
tersection  angle  as  actually  occurs  on  any  located  line  in  the 
ites,  even  on  the  engineer's  profile,  and  four  or  five  times  as 
usual ;  topographical  reasons  generally  requiring  one  or  more 
te  grades  in  cases  of  such  abrupt  change, 
will  also  make  it  clear  that  in  the  two  sketches  of  vertical 


^-r 


w 

Fig.  90. 

)wn  in  Figs.  91   and  92  the  tangents,  the  chord  J/,  and  the 

mselves  are  sensibly  of  the  same  absolute  length,  independent 

that,  all  distances  being  measured  horizontally,  they  are  neces- 

J  as  measured  in  the  field. 

'om  the  law  of  the  parabola  it  results  that  in  any  vertical 

.  91  or  92.  the 

cts  the  middle 

^M  in    r,    and 

intary  geomet- 

)ns  we  have  for 

ce    Ic  =  r.    by  Fig.  91. 

curve  departs  vertically  from  the  intersection  of  tangents  : 

!      a      la 
_  \f  —  —-  — . 

148* 
'  (par.  470). 


'k  Z 


Fig.  9a. 


Din  this  formula  we  can  compute  the  following  Table  125,  giv- 
t  detail  which  it  is  desirable  to  know  in  laying  out  a  vertical 
How  much  vertical  change  it  will  produce  in  the  position  of 
ine.  which  is  jjreatpst  at  the  middle  of  the  curve  and  thence 
linishes  in  each  direction,  being  only  one  fourth  as  much  at 
;r-points"of  the  curve  or  at  the  middle  of  each  tangent, 
iving  determined  from  Table  125.  or  otherwise,  what  rate  of 
will  be  necessary  or  feasible  :  To  LAV  OUT  A  VERTICAL  CURVE, 

^EN  THE  RATE  OF  THE  TWO   GRADIENTS   AND  THEIR  ANGLE 
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Table  129. 

Vertical  Change  in  the  Position  of  the  Grade-Line  at  Intbrsbctioii 
OF  Gradients  resulting  from  Vertical  Curves  of  Various  Ratxs  t 
AND  WITH  Various  Grade-Angles  a. 

(Computed  by  formula  of  par.  473.) 


Vertical  Distamcb  op  Curvb  from  Intbrssction  op 

Gradb-Anclb 

a. 
Figs.  91,  ga. 

Gradients  =  /r,  Fics.  91  and  9a,  for  Changs  op  Ratb 
OF  Gradb  pbk  Station,  =  r  of — 

0.2 

0.1 

0.05 

0.025 

Feet. 

Feet. 

Feet. 

Feet. 

O.I 

.006 

.01 

.025 

.05 

0.2 

.025 

.05 

.1 

.2 

0.3 

.061 

.11 

.225 

•45 

0.4 

.100 

.2 

.4 

.8 

0.5 

.156 

.31 

.625 

1.25 

0.6 

.225 

.45 

•9 

1.8 

0.7 

.306 

.61 

1.225 

2.45 

0.8 

.400 

.8 

1.6 

3.2 

0.9 

.501 

1. 01 

2.025 

4.05 

I.O 

.625 

1.25 

2.5 

5-0 

I.I 

.756 

1. 51 

3025 

6.05 

I. a 

.900 

1.8 

3.6 

7.2 

1.3 

1.056 

2. II 

4.225 

8.45 

1.4 

1.225 

2.45 

4.9 

9.8 

1.5 

1.406 

2.81 

5.625 

11.25 

1.6 

1.600 

3.2 

6.4 

12.8 

1.7 

1.806 

361 

7.225 

14.45 

1.8 

2.025 

4.05 

8.1 

16.2 

1.9 

2.256 

4.51 

9.025 

18.05 

2.0 

2.500 

5.0 

10. 0                  20.0 

The  vertical  changfe  in  the  position  of  the  g:rade-line  at  the  "quarter-points**  of  the 
curve,  or  at  the  middle  of  the  tangents,  is  in  each  case  one  fourth  of  the  above. 

The  whole  length  of  the  curve  (both  tangents)  =  -  = ga  e-ange _ — 

r     change  of  grade  per  station 


OF  INTERSECTION  a,  THE  RATE  PER  STATION  r,  AND  THE  STATION  OF 
THE  INTERSECTION  OF  GRADIENTS: 

a 
I.  The  total  length  of  the  curve  in  stations  is  —  (which   let  =  n 

stations),  one  half  of  which  is  the  length  of  each  tangent,  whence  the 
Station  of  the  tangent-point  can  be  determined  and  the  elevation  of  the 
grade  at  that  point. 
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2.  Having  given  the  station  and  elevation  on  either  grade,  and  the 
rate  (which  let  =  R)  of  the  grade  in  which  it  lies,  write  successively 
R  —  \r,  R—  i|r,  R  —  2^r,  etc.,  adding  or  substracting  r  from  each 
(as  the  case  may  require)  until  n  quantities  have  been  written  down, 
paying  strict  attention  to  the  algebraic  signs,  as  below  specified. 

The  nth  quantity  thus  determined  will  differ  from  the  rate  R*  of  the 
other  tangent  by  ^r,  and  the  addition  of  the  several  quantities  thus  de- 
termined to  the  elevation  of  the  first  tangent-point  will  give  the  elevation 
of  each  station  of  the  curve,  to  and  including  the  other  tangent- point, 
where  the  elevation  will  check  upon  that  independently  fixed  by  the 
tangent  grade-line  for  the  second  tangent,  if  the  work  has  been  correctly 
done. 

When  the  angle  between  the  grade-lines  is  upward,  or  on  a  summit^ 
the  successive  additions  of  r  are  — ,  or  subtractions;  when  the  angle  of 
the  grades  is  downward,  the  additions  are  positive. 

Examples. — Curves  to  connect  the  gradients  shown  in  Figs.  93, 94,  95,  each 
with  the  intersections  of  gradients  at  station  100  and  elevation  loa 


Fig.  93. 


(100.9) 


Fig.  93. 
1.6 
0.2 
8  sta. 


Angle  between  grade-lines 

Rate  of  change  of  grade  per  station . 
Total  length  of  curve 

Station  of  tangent-points j    ^ 

)o/i    ft 
06.8 


p.  C... 

R  -^r., 
R  -  l\r. 
R  -  2ir. 
R  -  3\r, 
Etc., 


P.  T. 


Additions. 


0.7 

0.5 
0.3 

O.I 

—  O.I 

-  0.3 

—  0.5 
-0.7 


Eleva- 
tions. 

96.8 

97-5 
98.0 

98.3 
98.4 

98.3 

98.0 

97.5 
g6.8 


Stations. 

96 

97 

98 

99 
100 

lOI 

102 

103 
104 


Addi> 

TIONS. 


-0.35 
-0.45 
-0.55 

—  0.65 
-0.75 

—  0.85 


Blbvations. 

100  90 
100.55 

lOO.IO 

99-55 
98.90 

98.15 
97.30 


Sta- 
tions. 

97 
98 

99 
100 

lOI 
lOS 

103 
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ZOStah'ons  5        •^Cf^ 

Fia  9S. 

Angle  between  grade-lines I.O 

Rate  of  change  of  grade  per  station 0.05 

Total  length  of  curve 20  stationt 

Station  of  tangent-points j  ^ 

Elevation  of  grade  at  tangent-points \  |^'^ 

AopiTioNs.  Elevations.  Statrmcs. 
P.  C.                                         108.0  90 

R  —    ir  —  .775  107.225  91 

R  —  lir  —  .725  106.5  9a 

^  —  2ir  —  .675  105.825  93 

^  —  3ir  —  .625  105.2  94 

etc.,        -  .575  104.625  95 

—  .525  104. 1  96 

—  .475  103.625  97 

—  .425  103.2  98 

—  .375  102.825  99 

—  .325  102.5  100 

—  .275  102.225  lOI 
"  .225  102.0  102 

—  .175  101.825  103 

—  .125  101.7  104 

—  .075  101.625  105 

—  .025  101.6  106 
.025  101.625  107 
.075  101.7  108 
.125  101.825  109 

P.  T,       4-'i75  102.0  no 

This  method  is  practically  much  the  most  convenient  when  the  curve 
begins  and  ends  at  a  full  station,  or  can  be  assumed  to  do  so  by  comput- 
ing grades  for  half  stations  or  otherwise.  In  other  cases  the  following 
may  be  used : 

479i  By  the  property  of  the  parabola.  Fig.  96,  offsets  to  it  from  its 
tangents  parallel  to  the  "  diameter,"  O^  vary  as  the  square  of  the  distance 
irom  the  tangent-point.    Therefore:  Having  given  O  and  A^  Fig.  9^ 

TO   DETERMINE  OFFSETS  TO  THE  CURVE,  ^,  &,  &*  at  distances  If,  n\  n^ 

from  the  P.  C. 
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Letting  N  =  the  length  of  one  tangent  we  have,  for  any  offset  0  what- 
ever at  a  distance  n  from  the  P.  C, 

jji  =  -^*  whence  o  =  O-j^ 

Thus,  if  we  divide  the  tangent  N  into  five  parts  the  first  offset,  o,  will  be 

I*       O 
O  X  —z,  or — ,  and  the  succeeding  ones  will  be  4,  9,  16  times  the  first. 
5        25 

By  this  formula  we  may  compute  the  elevation  of  any  two  points  100 


feet  apart  on  any  vertical  curve  (presumably  at  full  stations)  and  deter- 
mine the  rate  of  grade  between  them ;  whence,  knowing  the  change  per 
station  in  rate  of  grade,  all  remaining  stations  are  determined  by  succes- 
sive additions  as  above.  To  avoid  cumulative  error,  the  computation 
should  be  carried  out  to  more  decimals  than  it  is  expected  to  use. 

The  entire  curve  may  likewise  be  computed  by  determining  the  off* 
sets  o,  i/,  i/\  which  ordinarily  involves  little  labor. 

The  introdaction  of  close  couplers  is  now  (x8oo)  rapidly  reducing  the 
need  for  very  long  vertical  curves. 


PART  III. 


LIMITING  GRADIENTS  AND  CURVATURE 


**  The  dime  which  bankrupts  men  and  states  is,  job-work;-^edin{ng^ 
from  your  main  design  to  serve  a  turn  here  and  there.** 

— R.  W.  Emerson,  Essay  oh  ''Wealth.^ 


PART  III. 

LIMITING  GRADIENTS  AND  CURVATURE 


CHAPTER  X, 


THE   RELATIVE   IMPORTANCE  OF  GRADIENTS. 

476.  To  siiminarize  the  conclusions  we  have  reacheo  in  the 
preceding  four  chapters  as  to  why  the  minor  details  of  align- 
ment are  properly  so  called,  both  separately  and  collectively: 
Let  us  assume  that  we  have  a  line  over  which  an  estimated 
traffic  of  lo  trains  per  day  each  way  will  pass, — a  very  fair  traffic, 
— and  that  we  have  two  alternate  lines  for  it,  one  of  which  (A) 
is  200  miles  long,  while  the  other  (B)  is  210.  Let  line  A  have 
the  favorable  alignment  of  the  Illinois  Central,  which  (Table  102) 
has  only  8°  of  curvature  per  mile,  and  line  B  the  very  crooked 
alignment  of  the  Lehigh  Valley,  which  has  100**  per  mile,  giving 
1600°  in  all  on  line  A  against  21,000^  in  all  on  line  B.  Let  the 
rise  and  fall  on  A  average  only  10  feet  per  mile,  or  2000  feet  in 
all,  instead  of  20  feet  per  mile  on  B,  or  4200  feet  in  all ;  always 
assuming,  however,  that  the  ruling  gradients  and  length  of  trains 
are  the  same  on  each.  Then  the  entire  value  of  these  very 
marked  and  very  improbably  great  differences  in  minor  detaiU 
will  be  as  follows: 
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BsTtMATBD  Cost  Pbk  Tsml 
DiFFBRBNCis  AGAINST  LiNB  B.  Per  DftUy       For  10  Daily 

Train.  Trmiaa. 

10  miles  excess  of  distance,  which  we  will  assume 

will  not  affect  train-wages,  as  that  is  the  more 

probable,  and  which  may  have  a  credit  side  as 

large  as  the  debit,  but  which  we  will  assume  has 

no  credit  side  (see  par.  196  and  Table  89),  .  •  $2,665  00  $26,650  00 
19,400''  excess  of  curvature  (Table  115),  at  43.3  cts. 

per° 8,400  00     84,000  00 

2200  ft.  excess  of  rise  and  fall,  assumed  to  be  all  of 

^.       ^       ^  S  1000  ft.  on  minor  grades, .    .    2,670  00     26,700  00 

Class  C,  and,  say,  \  .  i*  j 

^   \  1200  ft.  on  ruling  grades.  .    .    4,200  00     42.000  00 

(See  par.  463,  and  Table  124.)  ' 

Total  difference  in  yearly  expenses  against  line  B,  $17,935  00  $179,350  00 

Capitalizing  this  sum  at  7  per  cent,  which  is  lower  interest 
than  most  new  lines  ought  to  require  before  increasing  expend!- 
tureSy  this  represents  a  capital  valuation  of  $2,562,000  or  $12,810 
per  mile,  as  the  difference  due  to  the  most  extreme  differences  in 
all  minor  details  at  once. 

477.  On  the  other  hand,  the  total  operating  expenses  of  line 
A,  at  $1.00  per  train-mile  (on  which  cost  the  above  valuations  are 
based),  would  be  $1,460,000  per  year,  and  we  are  about  to  see 
that  something  like  half  of  that  great  sum — sometimes  more« 
sometimes  less — will  vary  directly  with  the  number  of  trains  re- 
quired to  transact  its  business.  If  therefore  we  adopt  grades 
which  will  cut  down  trains  to  something  less  than  half  what 
they  might  have  been, — which  is  an  easy  thing  indeed  to  do  by 
probable  errors  of  location, — we  shall  increase  its  operating  ex- 
penses by  something  like  $365,000  per  year  against  only  $179,350 
from  excessive  and  entirely  improbable  differences  in  each  and 
all  of  the  minor  details  of  alignment,  against  the  same  line : 
differences  which  might  lead  to  most  unfavorable  conclusions  of 
what  was  really  the  best  line,  by  one  carelessly  inspecting  it; 
whereas  difference  in  ruling  grade  of  no  greater  comparative 
importance  might  well  attract  little  attention,  since  it  would  in- 
volve only  a  moderate  difference  in  ruling  grade. 

478i  Again,  the  gross  revenue  of  such  a  line  would  probably 
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be  something  like  one  and  a  half  times  its  operating  expenses, 
or  $2,190,000  per  year.  Probable  differences  of  location  will,  in 
almost  every  case,  cause  the  loss  or  gain  of  as  much  as  10  per 
cent  of  this,  and  in  very  many  instances  may  be  rfeadily  shown 
to  have  had  (probably)  two  or  three  or  ^v^  times  that  effect. 
Ten  per  cent  extra  revenue,  as  we  have  seen  (par.  40),  may  in  a 
rude  way  be  taken  as  almost  so  much  pure  gain,  althougli  of 
course  there  always  is  a  debit  side  to  even  so  small  a  difference 
of  revenue,  possibly  as  much  as  25  per  cent.  Even  then  a  net 
difference  to  revenue  of  as  much  as  $164,000  per  year  not  only 
may,  but  probably  will,  hang  on  decisions  reached  in  location, 
which  may  be  capitalized  at  7  per  cent,  as  equal  to  a  valuation 
of  $2,343,000,  or  nearly  $12,000  per  mile  added  to  or  taken  from 
the  value  of  the  property.  This  moderate  difference  in  revenue 
thus  suffices  to  overbajance  all  the  disadvantages  of  the  assumed 
differences  in  minor  details,  which  go  far  beyond  any  that  ever 
existed,  probably,  in  any  two  alternate  lines  between  the  same 
termini. 

Granting  that  questions  of  revenue  cannot  be  reduced  to  pre- 
cise figures,  and  may  be  beyond  the  engineer's  control  (although 
correct  action  in  respect  to  them  will  largely  depend  upon  him 
and  affect  his  other  work),  the  question  of  what  ruling  gradients 
to  adopt  can  be  reduced  to  tolerably  precise  figures,  and  will 
rest  exclusively  in  his  hands;  and  of  the  questions  which  so  rest, 
we  have  now  seen  the  reasons  why  it  may  almost  be  called  the 
question  before  him,  to  the  exclusion  of  all  others.  It  must 
therefore  be  studied  with  some  care. 

479.  We  have  seen  in  the  opening  to  Chap.  IX.  that  the  ex- 
pense of  gradients  arises  from  two  causes,  which  are  totally  dis- 
tinct and  must  be  kept  so  to  form  any  correct  idea  of  their  cost 
or  proper  adjustment ;  the  one  being  the  direct  or  inherent 
effect  of  all  rise  and  fall  or  curvature  to  increase  wear  and  tear 
and  expenses  per  train-mile  (considered  in  the  preceding  chap- 
ters), and  the  other  the  effect  of  the  heaviest  grade  or  sharpest 
curve  to  limit  the  weight  and  length  of  train,  and  thus  cause  an 
additional  expense  which  does  not  appear  at  all  in  the  expenses 
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per  train-mile,  but  simply  in  the  number  of  trains  required  to 
handle  the  traffic.  The  distinction  between  these  diverse  sources 
of  expense  was  so  fully  drawn  in  Chap  IX.  that  it  need  not  be  re- 
peated, but  it  should  be  always  borne  in  mind.  For  the  present 
we  assume  the  gradients  to  be  the  limiting  cause,  as  is  nearly 
til  ways  the  case,  although  it  may  be  curvature  or — conceivably-— 
any  other  cause,  like  the  strength  of  couplings. 

480.  To  be  prepared  to  deal  intelligently  with  questions  of 
gradients  we  must  begin  from  the  foundation  and  consider,  in 
some  detail,  what  we  may  call  the  physiology  as  distinguished 
from  the  anatoniy  of  the  locomotive  engine,  esperially  as  re- 
spects the  running  gear.  The  general  question  of  limiting  g^- 
dients  will  then  divide  itself  naturally  into  the  following  different 
heads  : 

First  Ruling  gradients  proper,  and  Uieir  effects  on  train- 
loads  and  operating  expenses  (Chaps.  XIV.,  XV.). 

Secondly,  The  use  of  concentrated  or  "  bunched  "  grades  on 
high  rates,  operated  by  assistant  engines  or  "pushers,"  with 
lower  grades  elsewhere,  as  against  uniform  gradients  (Chap. 
XVI.). 

Thirdly,  The  proper  balance  of  grades  from  excess  of  traffic 
in  one  direction  (Chap.  XVII.). 

Fourthly.  Limiting  curvature,  which  may  intervene  in  ad- 
vance of  gradients  to  limit  the  length  of  trains  (Chaps.  XVIII., 
XIX.). 

Fifthly.  The  choice  of  gradients  and  devices  for  reducing 
them  (Chap.  XX.). 

All  of  these  problems  come  up,  potentially  at  least,  in  the 
location  of  every  line.  Before  attempting  to  solve  them  we  will 
!ay  the  necessary  basis  therefor  in  the  three  following  chapters  on 
\he  Locomotive  Engine,  Rolling-Stock,  and  Train  Resistance. 
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CHAPTER  XI. 

THE   LOCOMOTIVE   ENGINE.* 

481.  The  locomotive  engine  is,  so  far  as  the  skill  and  foresight  of  the 
designers  can  make  it,  and  practical  considerations  permit,  a  delicately* 
balanced  machine,  having  these  three  forces  in  equilibrium  for  the  par- 
ticular service  required  of  it : 

1.  The  steam-producing  or  boiler  power:  the  boiler,  fire-box, 
and  attached  parts. 

2.  The  mechanical  or  transmitting  power:  developed  through 
the  cylinder  and  attached  parts,  and  transmitted  to  the  driving-wheels. 

3.  The  tractive  power  or  adhesion  for  exerting  or  transmitting 
the  energy  produced ;  developed  through  the  frictional  resistance  to 
sliding  of  the  drivers  on  the  rail. 

482.  The  amount  available  of  each  of  these  forces  is : 
Boiler  power. — Limited  by  the  quantity  of  steam  which  can  be  pro- 
duced in  a  boiler  of  admissible  weight  and  size. 

Cylinder  power. — Indefinitely  great.  The  cylinder  is  a  mere  trans* 
mitting  machine  for  the  transformation  of  one  form  of  energy  into  an- 
other, and  can  be  adapted  (within  wide  limits)  to  the  transmission  of  any 
amount  of  power  (ft. -lbs.)  in  any  desired  ratio  of  speed  (ft.)  to  force 
(lbs.)  by  mere  variation  of  proportions. 

Tractive  power. — Limited  by  the  total  weight  of  the  machine  and 
the  proportion  thereof  which  can  be  placed  on  the  coupled  driving-wheels. 

483.  Thus  it  is  seen  that  the  limit  to  the  work  which  can  be  done  by 
any  well-designed  engine  lies  either  in  the  boiler  power  or  in  the  adhe- 
sion, and  never  in  the  cylinder,  which  latter  always  has,  or  should  have 

*  The  writer  had  gone  more  fully  into  the  theory  of  the  locomotive  than  was 
absolutely  essential,  and  he  finally  concluded,  more  fully  than  was  wise,  in  the 
belief  that  a  broader  general  knowledge  of  the  locomotive  by  civil  engineers 
would  in  many  ways  conduce  to  good  practice;  but  in  order  to  keep  the  volume 
within  reasonable  size  he  finally  concluded  to  abbreviate  this  chapter  very  ma- 
terially from  his  original  draft.  Much  of  the  data  thus  prepared  was  thought 
to  be  entirely  new,  and  still  more  of  it  has  not  been  systematically  presented  in 
treatises  on  the  locomotive,  but  it  must  be  given  in  another  form,  if  at  aU. 
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cylinders  correspondingly,  but  even  without  doing  so  we  have  an  increase 
of  about  7  per  cent  in  the  weight  of  the  machine. 

485.  To  INCREASE  THE  CYLINDER  POWER  lO  PER  CENT  we  have  Only 

to  decrease  the  size  of  the  drivers,  effecting  an  actual  decrease  in  the 
weight  of  the  machine.  For,  since  the  cylinder  pressure  (which  let  =  C). 
whatever  it  be,  acts  with  a  leverage  of  half  the  stroke  (=:  s)  against  a  lev- 
erage of  half  the  diameter  of  the  driver  (=  /?),  we  have,  for  the  tractive 

force  exerted  by  the  cylinders, 

^     sC      ^  ^      TR 

y  ="15  and  C  =  — . 
R  5 

To  increase  T  by  any  amount  without  changing  either  the  stroke  (x) 
or  the  diameter  of  the  cylinder  (C)  we  have  only  to  decrease  R.  This, 
however,  is  at  the  expense  of  increasing  the  piston  speed,  because,  as  the 
driver  is  made  smaller,  it  must  turn  so  much  oftener  per  mile. 

486.  To  increase  the  cylinder  power  10  per  cent  without  increasing 
the  piston  speed,  however,  nothing  more  is  required  than  the  addition  of 
from  2  to  8  per  cent  to  the  weight  of  the  cylinders  and  attached  parts 
alone,  the  remainder  of  the  machine  remaining  unaffected  except  in  a 
few  trifling  details.  Whether  the  increase  be  2  or  8  per  cent  depends 
chiefly  on  how  it  is  effected — whether  it  be  by  merely  lengthening  the 
cylinder  or  by  increasing  its  diameter;  but  in  either  case  the  total  addi- 
tion to  the  weight  and  cost  of  the  machine  is  trifling.  Assuming  8  per 
cent  added  to  the  weight  of  the  cylinders,  it  amounts  (see  Table  126)  to 
but  a  little  over  one  per  cent  of  the  whole  weight  of  the  engine. 

487.  Cylinder  power  may  also  be  increased  after  the  machine  is  com- 
pleted by  the  simple,  but  ordinarily  not  permissible  or  wise,  expedient 
of  increasing  the  boiler  pressure.  It  has  also  been  not  unfrequently  de- 
creased in  the  same  way,  so  as  to  be  smaller  than  either  the  boiler  power 
or  traction,  with  unfortunate  results  upon  the  efficiency  of  the  engine. 

488.  To   INCREASE  THE  TRACTIVE   POWER    lO  PER  CENT,    Or   by  any 

other  amount,  we  must  either  increase  the  load  per  drivers  or  the  num- 
ber of  drivers,  or  both.  The  possibility  of  increasing  the  load  per  wheel 
is  strictly  limited  by  that  which  the  permanent  way  and  structure  will 
sustain.  The  load  per  wheel  is  in  practice,  and  for  certain  reasons  may 
prop>erly  be  in  theory,  greatest  with  those  engines  (fast  passenger  engines) 
which  have  and  require  the  least  amount  of  total  tractive  power.  To  in- 
crease the  number  of  drivers  we  must  take  a  new  type  of  engine,  and 
here,  too,  the  range  is  strictly  limited.  A  few  special  engines  excepted, 
the  largest  number  of  drivers  now  in  practical  use  on  a  large  scale  is 
eight  (Consolidation  and  Mastodon  types),  and  the  least,  four  (American 
type),  with  a  few  extra  fast  but  very  heavy  engines  having  only  a  single 
36 
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',  or  other  unit  of  time.  So  far  as  boiler  power  is  concerned,  there- 
,  t  locomotive  is  capable  of  hauling  any  load  whatever  if  the  speed 
ude  low  enough,  or  of  attaining  any  speed  whenever  ai  the  expense 
be  load  hauled. 

Horse-powers  or  other  equivalent  units  are  merely  certain  multiples 
oot-pounds.  Whatever  the  name  of  the  unit  for  the  measurement  of 
^,  it  is  always  made  up  of  the  three  elements  of  lifting  a  certain 
fi/ through  a  certain  distance  in  a  certain  time  against  the  natural 
X  of  gravity,  gravity  being  the  only  constant  and  ever-present  force 
bvbich  we  are  familiar,  and  hence  a  natural  unit  for  comparison. 
tK,  The  tractive  power  is  measurable  only  in  pounds,  being  a  mere 
X.  or  dead  force,  serving  for  the  transmission  of  ene:^,  like  a  belt  or  a 
ft,  but  not  affecting  its  amount.  The  tractive  power  is — with  impoi^ 
L  limitations  to  be  considered — an  approximately  constant  quantity  at 
ipeeds  and  under  all  circumstances. 

M3i  Therefore,  remembering  (i)  that  the  cylinder  power  is  not  oa 
oeni  in  fixing  the  working  power  of  an  engine,  and  (2)  that  speed 
udes  the  two  elements  of  time  and  space,  which,  with  the  third  el^ 
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,  weight  or  force,  make  up  the  three  which  are  necessary  for  the 
description  of  the  amount  of  any  kind  of  power,  we  may  express 
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graphically  the  variations  which  can  be  made  in  the  manner  of  utilizing 
or  distributing  the  power  of  an  engine  as  follows  (Fig.  97) : 

494.  On  a  pair  of  co-ordinate  ajces  intersecting  at  O,  Fig.  97,  let  dis- 
tances on  the  vertical  axis  OA  represent  pounds  of  tractive  power,  and 
distances  on  the  horizontal  axis  OC  represent  the  compound  unit  sfeeti^ 
including  the  two  primary  units,  distance  and  time. 

Then  the  capacity  of  any  given  boiler,  which  is  measurable  only  by  a 
product  of  the  three  units,  lbs,  x  //.  x  time^  may  be  represented  on  such 
1  diagram  by  a  rectangle  of  a  given  fixed  area  (OABC,  0A'B'C\ 
OA"B"C")  which  may  be  proportioned  in  any  ratio  of  height  to 
length  desired,  provided  the  total  area  included  within  it  be  not  exceeded. 
The  number  of  such  possible  rectangles,  as  will  be  apparent  from  the 
figure,  is  infinite. 

As  a  matter  of  mere  mathematical  curiosity,  of  no  immediate  practical 
moment,  it  may  be  noted  that  if  an  hyperbola  be  drawn  passing  through  the 
point  B,  with  the  axes  OA^  OC,  as  asymptotes,  any  point  B'  on  it  will  be  the 
apex  of  a  rectangle  of  always  equal  area. 

495.  Each  one  of  these  rectangles  will  represent  a  possible  locomotive, 
each  different  from  the  other,  which  may  be  designed  to  fit  the  same 
boiler, — with  this  sole  limitation  :  The  tractive  power  in  pounds  of  ordi- 
nary  forms  of  locomotives  is  a  limited  quantity,  which  cannot  be  indefi- 
nitely increased  ;  and  consequently  at  a  certain  point  on  the  diagram  A' 
we  reach  a  vertical  limit,  beyond  which  it  is  not  possible,  by  any  ordinary 
device,  to  increase  the  tractive  power.  It  follows  directly  from  this  fact 
that  we  have  a  certain  minimum  of  speed  OC,  below  which  it  is  not  pos- 
sible to  decrease  the  speed  and  still  utilize  the  full  i)owerof  the  boiler  by 
increasing  the  load  hauled.  As  might  naturally  be  expected,  this  limita- 
tion is  at  times  very  inconvenient,  when  it  is  desired  to  obtain  the  maxi- 
mum hauling  capacity  regardless  of  speed,  as  in  engines  for  yard  service 
or  for  working  on  heavy  grades.  It  is.  in  fact,  practically,  the  most 
serious  theoretical  defect  of  the  locomotive.  Various  exceptional  de- 
vices are  employed  to  evade  it  in  part,  the  simplest  and  most  common  of 
which  is  to  carry  the  water  supply,  and  sometimes  the  fuel  also,  upon  the 
driving  wheel-base.  .  A  still  more  radical  remedy  is  mentioned  in  par. 
51 1,  and  yet  another  device  is  the  so-called  traction-increaser,  throw- 
ing a  part  of  the  weight  of  the  tender  on  the  drivers  for  the  time  being  by 
cylinders  attached  to  the  piston,  or  by  various  combinations  of  levers. 
Finally,  the  device  of  a  rack  between  the  rails,  or  of  a  central  rail  which 
the  driving  wheels  grip  by  spring  power  or  other  pressure,  enables  the 
gravity  of  the  engine  to  be  wholly  dispensed  with  for  furnishing  the  trac- 
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i(M»-,  or  other  unit  of  time.  So  far  as  boiler  power  is  concerned,  there- 
fore, a  locomotive  is  capable  of  hauling  any  load  whatever  if  the  speed 
be  made  low  enough,  or  of  attaining  any  speed  whatever  at  the  expense 
of  the  load  hauled. 

Horse- POWERS  or  other  equivalent  units  are  merely  certain  multiples 
of  foot-pounds.  Whatever  the  name  of  the  unit  for  the  measurement  of 
energy,  it  is  always  made  up  of  the  three  elements  of  lifting  a  certain 
weight  through  a  certain  diUance  in  a  certain  time  against  the  natural 
force  of  gravity,  gravity  being  the  only  constant  and  ever.present  force 
with  which  we  are  familiar,  and  hence  a  natural  unit  for  comparison. 

492.  The  tractive  power  is  measurable  only  in  pounds,  being  a  mere 
static  or  dead  force,  serving  for  the  transmission  of  energy,  like  a  belt  or  a 
shaft,  but  not  affecting  its  amount.  The  tractive  power  is — with  impor- 
tant limitations  to  be  considered — an  approximately  constant  quantity  at 
all  speeds  and  under  all  circumstances. 

♦93.  Therefore,  remembering  (1)  that  the  cylinder  power  is  not  an 
element  in  fixing  the  working  power  of  an  engine,  and  (i)  that  speed 
includes  the  two  elements  of  time  and  space,  wbicb,  with  the  third  el^ 


ment,  weight  or  force,  make  up  the  three  which  are  necessary  for  the 
exact  description  of  the  amount  of  any  kind  of  power,  we  ni ay  express 
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as  injurious,  as  if  the  boiler  power  itself  had  been  reduced,  which  latter, 
however,  does  not  at  all  follow  from  the  reduction  of  pressure  (par.  552). 
499.  The  indication  of  deficient  hauling  power  first  above  specified. 
slipping  of  drivers,  is  that  which  should  first  occur  in  all  well-designed 
freight  engines;  for,  since  hauling-power  and  not  speed  is  the  desidera- 
tum in  such  engines,  the  boiler-power,  however  small  (within  limits),  can 
be  made  to  exert  an  indefinitely  great  force  in  pounds  at  the  expense  of 
speed,  by  proper  design  of  the  engine;  which  can  hence  be  so  designed 
that  the  boiler  shall  be  able  to  exert  continuously  a  force  always  in  ex- 
cess of  the  tractive  power  when  at  its  maximum  (as  when  using  sand) 
by  a  little  at  least,  in  order  that  the  full  measure  of  the  latter  may  in  all 
cases  be  utilized. 

500i  This  theoretical  principle  is  limited  in  part  by  this  fact:  Convenient 
operation,  requires  that  it  should  not  be  too  easy  10  slip  the  drivers  under  ordK 
nary  conditions  but  shbuld  require  nearly  a  full  head  of  steam  to  do  so,  or  the 
difficulty  of  throttling  the  pressure  just  right  (par.  527)  will  lead  to  100  frequent 
slipping.  Hence  it  is  desirable  that  the  cylinder  power  should  be  only  a  little 
in  excess  of  the  adhesion,  and  from  this  it  may  result  that  the  ultimate  maxi- 
mum of  adhesion,  when  using  sand  on  a  dry  rail  with  boiler  pressure  perhaps  a 
little  low,  cannot  be  advantageously  realized.  There  are  also  certain  disad- 
vantages in  an  over-large  cylinder,  from  greater  loss  by  radiation,  condensa- 
tion, etc.,  as  well  as  some  advantages.     See  also  foot  of  page  408. 

50 It  But  it  is  probable  that  all  these  disadvantages  have  been  over-esti- 
mated, or  the  whole  question  inadequately  considered,  in  designing  many  of 
the  engines  now  running,  a  considerable  minority  of  which  cannot  utilize  the 
full  ultimate  adhesion,  and  are  in  consequence  compelled  to  haul  smaller  loads 
than  they  otherwise  might ;  although  most  freight  engines  can  slip  their  drivers 
in  ordinary  working,  when  starting  or  running  very  slowly,  and  do  so  liberally. 
No  well-designed  engine  will  slip  its  drivers  when  running  at  speed,  unless  the 
rails  are  in  bad  order,  as  the  average  cylinder  pressure  is  then  much  lower  than 
in  starting  (par.  594).  Over-frequent  slipping  of  drivers  is  an  evidence  of 
want  of  skill  or  care  in  the  engineman.  He  can  with  ease  slip  the  drivers  with 
the  lightest  train  or  with  no  train  at  all,  and  in  fact  must  use  care  not  to,  unless 
the  cylinders  are  too  small  for  the  engine,  because  only  an  infinite  force  can 
set  in  motion  the  lightest  body  instantly. 

502t  The  second  indication  of  deficient  hauling  capacity  above  speci- 
fied, deficiency  of  boiler  power,  is  the  only  one,  in  theory,  by  which  a 
passenger  engine  should  ever  fail ;  since  a  fraction  only  of  its  weight,  if 
on  the  drivers,  will  give  a  hauling  power  in  pounds  far  in  excess  of  the 
^\^\\2i\A^  foot-pounds  of  boiler  power  at  a  high  speed  in  feet  per  minute-. 
Neither  do  passenger  engines  often  fail,  in  fact,  for  any  other  cause,  be- 
tween stations,  on  moderate  grades.  The  necessity  of  starting  heavy  trains 
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quickly,  however,  and  of  maintaining  a  high  rate  of  speed  even  on  long, 
heavy  grades,  makes  the  demand  for  adhesion  on  passenger  engines  very 
unequal,  and  at  times  very  great,  so  that  it  is  often  in  practice  the  actual 
limiting  cause  which  it  is  desirable  to  increase.  It  is  not  essential  to  do 
this  permanently.  Any  device  which  increases  the  load  on  the  drivers 
temporarily,  especially  for  stopping  or  starting,  answers  every  purpose, 
and  a  better  purpose  in  fact  than  a  permanent  increase.  Such  attach- 
ments are  now  in  use  on  extra-fast  engines  and  to  a  limited  extent  on 
others,  and  it  is  probable  that  their  use,  or  that  of  some  equivalent,  might 
be  greatly  extended,  for  both  passenger  and  freight  engines,  without  any 
disadvantage  at  all  comparable  to  the  gain. 

503.  But  however  well  an  engine  may  have  been  designed  for  the 
average  contingencies  of  ordinary  service,  when  the  engine  is  once  in 
service  there  are  limitations  to  or  variations  in  the  efficiency  of  each  of 
its  three  primary  forces  which  have  an  important  effect  upon  the  load  it 
can  haul,  and  which  we  need  to  consider. 

In  the  following  Tables  127  to  137  are  given  a  variety  of  data  as  to 
the  dimensions,  weight,  cost,  and  life  of  locomotives  which  we  shall  have 
occasion  to  use  or  refer  to,  which  are  here  grouped  together  for  conven- 
ience of  reference. 

Table  127. 
Comparative  Dimensions  of  Engines  of  the  American  Type. 


Weight  on  drivers. . 

Weight  on  truck 

Weight,  toul  (Ibt.) 


Grate  surface. . 

(  Fire-box 
Heat'g  surfce-<  Tubes... 

(  Toul . . . 
Barrel  of  boiler 

Diameter  of  drivers 


TSNDEIt  : 

f  Total. 


lbs. 


Capacity  ]^*'*^»'-^»^'^"»>- 


Coal  (lbs.). 

Whkkl-basb: 

Driving. 

Total  eni^ine 

Tender  

Engine  and  tender. 


17x34  Cylindbks. 


Mason. 
1873. 


40.000 
aa.ooo 
6a,ooo 

sq.  ft. 
16.38 
105 
906 

lOII 

46" 
66" 


2,250 


8'o 


// 


32    O 


No. 
Pac. 
1884. 


54,350 
ig.450 

83,800 

sq.  ft. 
16 

I  1218 

«335 
51" 


It 


62 


27,900 

a9»438 

57.338 

2,800 

6,105 

8'  6" 
^3'  3M" 


45'  1^ 


// 


Brooks. 
1884. 


48.000 
26,000 
74,000* 

sq.  ft. 

16.45 

103. 

E990. 

1093. 

48" 

67" 


2,640 


8' 


22'  n" 


C,  B. 

1884. 


42'  6" 


53.600 
27,600 

81,200 

sq.  ft, 
17.6 
98. 
I968 
1066. 

49^" 
69" 


24,183 

37.467 
61,650 

a,75o 
»4,550 


8'  6" 
1-/  tVx" 
14'  11" 
44'  9" 


18x34  Cylindkrs. 


C,  B. 
1884.' 


54500 
28,300 
82,800 

sq.  ft. 

17.7 

102. 

1 958. 

X060. 

49H" 
169^0 

l65"ft. 


24,183 

37.467 
61,650 

a.750 
M.550 

8'  6" 
22'  6V4" 
14'  11" 
44'  9" 


Mason. 
1884. 


68.000 
32.000 

10(.,000 

sq   ft. 
18.9 

£1230. 

1375- 
54" 


68 


// 


3,600 


9'  o" 
23'  4" 


West  Shore. 


B. 


64,000 
32,000 
96,000 

sq.  ft. 

34- 

128. 

E1084. 

1212. 

55 

68" 


62,500 
32.000 
94.500 

sq.  ft. 

»7. 
128 
E1084. 

1313 


// 


34.000 

30  000 

64,000 

3.000 

lOOOO 


8'  6 


// 


%  P" 

47'  A%" 


^  Weight,  emptv.  66,000  lbs.,  leaving  8000  lbs.  for  contents  of  boiler  and  fire-box,  and  two  me' 
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Table  128. 
CoMPA&ATivs  Dimensions  of  Mogul  and  Tbnwhkkl  Enginis. 


Weight  on  driven , 
Weif  ht  on  truck .. . 
Weight,  touKIbt). 


Giate  surface  

iKire-box.. 
Tubes — 
Total 

Barrel  of  boiler 

Diameter  of  drivers. 

Tender : 

W|jjht  J  ssr :;:;—::: 

**»••      (Total 

/«-_--;,„  J  Water  (galls.).. . . 
Capacity  j  CoalObS)  ....... 

Whbel-basb  : 

Driving 

Total  engine 

Tender 

Engine  and  tender. 


Moguls. 


Baldwin 
i8  X  94. 

«873. 


66,000 
11.000 
77,000 

sq.  ft. 
16. 
\o-\. 
948. 
1051. 
50" 
53" 


a,300 


«5' 
aa'  8" 


Brooks 

18  X  24. 

188). 


7«.5«> 
»3»Soo 
86,000* 

sq.  ft. 

17- 

114. 

XX41. 

ia;55. 

5» 

55«" 


a,88o 


15'  6" 
33'  o" 


B.  ftO. 

19x24. 
1883. 


;     N.S. 

Wales. 
(Baldwin) 

18x36 
'      Z884. 


87,400 


60" 


79«ooo 
17,000 
96,000 

sq.  ft. 
»7 

•    "3 
Ixo66 

XX89. 

55" 
Mi" 


3».5<» 
41,900 
73.700 
3.600 
zo,ooo 


15'  o" 

33'  9" 

14'  6" 

46'   3«" 


Baldwin 

i8xa6. 

1873. 


5«.< 
90,000 

78.000 

sq  ft. 

«4.4 
94- 
1014. 

1108. 


54 


»§ 


3,300 


13' 
33'  6" 


«9««4. 
1883. 


73»t«o 
31,400 

94»Soc»t 

sq.  ft. 

as. 6 

198.4 

«4»3.4 
xS50.t 
S3" 
1^1^ 


45' y* 


*  Weight,  empty,  78,000  lbs.,  leaving  8000  lbs.  for  contents  of  boiler  and  fire-bos. 
t  Weight,  empty,  84,300  lbs.,  leaving  10,900  lbs.  for  contents  of  boiler  and  fire-bos. 

The  Baltimore  &  Ohio  Mogul  carries  140  lbs.  of  boiler  pressure,  affording  a  maximum 
average  cylinder  pressure  of  some  119  lbs.  (85  pier  cent  of  boiler  pressure).  At  this  rate 
the  cylinder  tractive  force  is  17,184  lbs.,  or  about  |  weight  on  drivers.  In  most  American 
engines  it  is  about  i,  and  in  some  as  low  as  a  jo. 

The  tendency  in  recent  years  has  been  strongly  toward  increase  of 
weight  and  boiler  power  with  the  same-sized  cylinders,  as  Tables  127  to 
130  and  Table  142  bring  out  very  clearly.  Three  concurrent  causes  have 
brought  this  about:  (i)  The  material  increase  in  steam  pressure,  which 
makes  a  smaller  cylinder  do  much  more  work  ;  (2)  the  higher  average 
speed  of  trains,  which  necessitates  larger  boiler  power  to  maintain  it ;  and 
(3)  the  fact  that  the  more  perfect  track  has  justified  and  the  lower  rates 
required  loading  engines  up  to  the  last  limit  of  their  tractive  power,  and 
it  was  necessary  to  have  as  much  as  possible  under  all  conditions  of  rail 
and  weather. 
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Table  129. 

Comparative  Dimensions  of  the  Original  and  Present  Standard  Con- 
soLiDATioN  Locomotive  of  the  Pennsylvania  Railroad,  and  of  the 
West  Shore  Standard  Consolidation. 


Size  of  cylinders 

Weight  on  dnvert. 

"    truck 

Total  wheel  baae 

Driving-wheel  base 

Diameter  of  drivers 

Working  pressure 

Boilbr: 
Inside  diam.  smallest  boiler-ring  — 

T'*b««  ]  L^ngtlf.  *!"/.'!""''!*!;.: : : :  * 

1  Length 

Fire-box-^  Width 

(Depth 

Grate  surface 

(  Fire-box 

Heating  surfaces  Tubes 

(Toul 

Smallest  inside  diameter  chimney. . . 
Height  top  of  rails  to  top  of  chimney 

Tkndbr : 

(  Empty 

Weight-!  Load 

(Total 

c«p~''HST;:;;.-.:;v.""::::: 

Wheel-base 

Encinb  and  Tbndbk  : 

Total  wheel-base 

Length  over  all 


Class  L 

1876. 


// 


90  X  24 
79,400  lbs. 
12,340  lbs. 

2X^  6" 

13'  8" 

50" 
125  lbs. 


r0^' 
13'  11^' 

96" 

34^'' 
42  to  6x" 
33  sq.  ft. 
92 

E  1,166  "  " 
1,258  •*  " 
20" 
14'  ix" 

33,770  lbs. 

33.000  ;* 
55.770  •• 

3,000  galls. 
8,000  lbs. 


15'  4 


56^9^" 


Class  R. 

z886. 


Increase. 


jt 


30  X    34' 

100,600  lbs. 
14.035  ** 


31 


9' 
'  xo" 


«3 

50 
X4olb«. 


// 


107" 
42" 
57  to  59«" 
3X.3  sq.  ft. 
167  **  " 
E  1,564  "  " 

i,73«  "  *• 
x8" 


/' 


15'  o 

33,800  lbs. 
33.000    " 
56.800    " 
3.000  galls. 
8,000  lbs. 
15'  4" 

48'  9" 
58'  5«" 


None. 

87       p.  C. 

146  ** 

3" 

Nont. 
13  p.  c. 

X0.5  p.  c. 
33.6    " 


11.5  p.  c. 

31.8     •' 

35.6  p.  c. 

8X.5  " 
34.2 

37.5 

-  3' 


44 
t( 


ttt 


4.5  p.  c. 

N0n*. 

Z.8  p.  c. 

Nont, 
44 

t4 


,/    9// 

a'  3%" 


West  Shore. 
1883. 


30  X    2a" 

88,000  lbs. 

X6.000    " 
21'  7" 
14'  o" 


«// 


50' 

140  fbs.  (?) 


«3  «l-  ^t. 

X20   "     " 

Ex,340  "   " 
1,460  *•   - 

•  •  •  •  •  • 

«3'  6H" 


39,000  Ibt. 

35,000  *; 
64,000  " 

3,000  galls. 

10.000  lbs. 

,5'  V 


The  following  are  some  further  details  in  respect  to  the  changes  in  the  latest  Pennsyl- 
rania  Consolidation  from  the  earlier  design  : 

Cylinders. — Unchanged:  diameter  of  piston-rod,  sise  of  ports,  travel  and  outside 
lap  of  valves,  size  of  slide-blocks.  Piston-head,  i  in.  thicker ;  cylinders,  2  in.  farther 
apart  (7  ft.  3  in.)  ;  inside  lap,  none  (in  place  of  ^  in.) ;  lead,  ^  for  |  in.;  steam-pipe,  19.6 
for  18  sq.  in.;  each  blast-nozzle,  13-8  for  11. a  sq.  in. 

Journal. — All  increased  materially.  Driving-axles,  from  6^x7!  to  7  x  8| ;  truck- 
axles,  from  4]  X  7^  to  5  X  8A ;  crank-pin,  from  4^  and  5  to  5  and  6  in.  Coupling-rod 
and  journals  unchanged^  3^  in. 

Boiler. — Unchanged :  material  (steel ;  wrought-iron  tubes),  distance  between  centres 
of  tubes  (3I  in.);  thickness  fire-box  plates  (j  in.  outside ;  ,*«  in.  inside),  tube-plates  {k  in.). 
Barrel-plates,  k  and  A  in.  for  {  in.;  butt-joints,  welted  inside,  for  lap.  Water  grate  for 
shaking  grate. 

Tender. —  Unchanged :  tank,  19  ft.  x  43  in.  high. 

The  West  Shore  Consolidation  was  designed  by  the  late  Howard  Fry,  one  of  the  most 
eminent  of  American  mechanical  engineers,  and  was  designed  to  include  all  the  latest 
improvements  up  to  its  date. 
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Table  130. 


Comparative  Dimensions  of  Engines  more  Powerful  than 

soLiDATioN  Type. 


THE    Con- 


Size  of  cylinders 

Weight  on  drivert 

•*    truck  

Toul  wheel-base  

Driving  wheel-base 

Diameter  of  drivers 

Working  pressure , 

BOILBK  : 

Inside  diam.  smallest  boiler-ring. . . 

T"^»  ]  ungrh!  *'.".  I^"."^!**?: : : : : 

i  Length 
Width 
Depth 

Grate  surface 

1  Fire-box 

Heating  surfaced  Tubes 

(Total 

Smallest  inside  diameter  chimney. . . 
Height  top  of  rails  to  top  of  chimney 

Tender : 


Mastodon  Tvpb. 
(8  drivers  ;  4  truck-wheels.) 


Central 
Pacific. 


19  X  30" 
106,050  lbs. 
16. —   " 


i.5>5o 


15'  9^ 
i35^b«. 


.'/ 


( Empty 


Weight -(  Load 

( Total  . . 

Capacity  ]^^\\" 
Wheel-base 


Engine  and  Tender: 

Total  wheel-base 

Length  overall 


i66f5j4" 

xa' 
«3'  4«" 
34 
39^  to  58^ 
25.74  sq.  ft 
182 
I   1,076 

1,258 


It 


20" 
15'^ 


// 


26.000  lbs. 

37,000  ;; 
63.000  " 

3.000  galls. 

12,000  lbs. 

«5'  o%" 

53'  i«" 
64'  ^' 


Lehigh 
Valley. 


**  El.  GUBKS- 
NADOR*' 

(Cent.  PacX 
I   (xo  drivers;    ^  ,_,-w  .k*ut 
U  truckwhls)  »  »™<*-whT^ 


DSCAPOD 

(Baldwin). 
(10  driveri; 


aox26" 
82,432  lbs. 

19.264    " 

23'  »" 

13^  o^" 

125  lbs. 


5> 


It 


lo^iW' 

11'  ir 
34" 

43^  to  52H" 
32  sq.  U. 

179  *'  " 
I  995  "  " 
x,i74  '•  " 
17" 

14'  T" 


23.400  lbs. 

30,418   " 
53.818   " 
2,575  galls. 
8,960  lbs. 


46^9" 
55'  4" 


21  X  36" 
x2i,€oo  lbs. 

32.400  " 
28'  11" 


19' 


\l 


fl 


140  lbs.  (?) 


178,  2 


II 


12     O 


50,650  lbs. 
35,000    " 
85,650    ** 
3,000  galls. 
10,000  lbs. 


65'  5 


// 


zaSwooolbs. 
x6^ooo 

«4'  V 
i/o" 


4* 


■" 


45 


§$ 


64"   • 

10'  I* 
39»" 


80,000  lbs. 
3.500  galls. 


These  four  engines  are  as  yet  the  most  powerful  in  the  world.  A  Fairlie  engine 
weighing  about  85  gross  tons  and  having  two  six-wheel  driving-trucks,  each  with  17  X  aa 
cylinders,  with  a  Bissell  vp^ny)  truck  at  each  end,  is  running  on  the  Iquique  Railwaj, 
in  Peru.     Other  heavy  locomotives  are  given  in  Table  137. 

The  Central  Pacific  Mastodon  (the  original  of  the  type)  has  hauled  20  loaded  cars, 
weighing  422  tons,  up  a  long  grade  of  116  ft.  per  mile.  By  Table  170  it  should  haul  421 
tons.  At  8  miles  per  hour  it  is  reported  to  have  shown  an  average  pressure  of  124  lbs. 
per  square  inch  in  the  cylinders.  '*  El  Gubernador,"  cutting  off  at  five-sixths  stroke,  at  a 
speed  of  694  miles  p)er  hour,  showed  an  average  of  115  lbs.  with  130  lbs.  boiler  pressure, 
or  88  per  cent,  which  is  much  nearer  to  boiler  pressure  than  is  often  possible,  and  de- 
velops the  enormous  tractive  power  of  32,039  lbs.,  or  just  39  lbs.  more  than  one  fourth 
ths  weight  on  drivers.  As  this  is  about  the  very  utmost  the  cylinders  can  do,  it  indicates 
that  the  cylinders,  large  as  they  are,  might  with  advantage  be  larger,  or  the  boiler 
sure  higher. 
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Table  133. 


Weights  in  Detail  of  an  Old  Illinois  Central   Passenger   Engink, 

i6  X  22  Cylinders. 

[Abstracted  from  a  record  taken  by  Mr.  M.  N.  Forney.] 


Boiler  sheets,  rivets  and  stay-bolts 

Braces,  crown-bars,  etc 

Tubes  and  copper  thimbles  .... 
Ring  for  dry-pipe,furn'e-door,etc 

Dome 

Dry-pipes 

Throttle- valve,  etc  

Steam  and  exhaust  pipes 

Petticoat- pipe 

Blower 

Smol^-box  door 

Smokestack 

Grate     

Ash-pan    


Total  Boiler 


Frames 

Boiler-braces . 
Bed-casting  . 


Total  Frames 


Cylinders 

Steam-chest 

Valves 

Pistons ,... 

Cross-head  guides  — 

Connecting-rods 

Crank-pins  

Driving-wheel  boxes. 

Valve-gear 

Reverse-lever 

Pum()S 

Pump-check  valves. . . . 


Total  Machinery. 


Driving-wheel  centres..  . 

"     tires 

"     axles 

Truck- wheels 

"      axles 

*'      frames,  boxes,  etc 

**     check-chains 

Driver  springs,  steel 

"      attachments 

Truck  springs 


Toul  Running  Gear. 


Weights — Lbs. 


Brass. 


40 
75 
38 

«3 
10 


16 
9 


301 


no 

36 
18 


la 
"7 


zta 


3 

436 

39 


88a 


7a 


7« 


Wrought 
Iron. 


6,399 

>.635 

3.0J4 

90 

94 

no 
II 

5a 

38 

45 
45a 
»75 
3M 


1 3,383 


3»55a 
638 

39 


4.309 


65 
80 

83 
137 

681 
609 
z66 
6 
740 

331 

aS3 

13 


3.04a 


3*360 

x»033 

i,i8( 

X3« 
416 

S06 
337 


7.568 


Cast 
Iron. 


17 
845 

93 
193 
377 


336 
aoo 

».333 


3.394 


913 


913 


a.795 
805 
133 
a6a 
940 
4a 

"i 

«9 
163 
xoo 


5f97a 


5.384 

107 
t.884 

i,oi8 


8.373 


Wood,  etc. 


18 


IS 


136 


136 


640 


10 


650 


Toul. 


«t63S 

3*034 

«47 

3x6 

39> 
5» 
54 

«t50« 
3«4 


'5.989 


3.55» 
698 

941 


5f«a« 


3,106 
9*1 

% 

166 

548 

«.7a4 

04* 

•s« 

»5« 


«0i03« 


5t9^ 
3.3fc 
1,140 

1,884 

604 

••3»« 

4x6 
5i< 
337 


16,663 


\ 
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Table  133. — Continued, 


Safety-TaWe 

Steam  i^uges  and  cocks. . . . 
Cylinder  cocks  and  fittings. 

Injector 

Sand-box 

Bell  and  clapper  

**   stand 

Hand-rail 

Running-board 

Wheel-covers 

Cab  and  foot-board   

Pilot 

Head-light  bracket 

Lagging  and  sundries 


Total  Fittings. 


Tender  tank 

Fittings  for  ditto 

Frame  

Truck-wheels 

Axles  and  collars 

Axle>boxes 

Bearings  and  fittings  for  ditto. 

Springs 

Truclu  and  other  parts 

Brakes 


Total  Tender 


Weights — Lbs. 


Brass. 


53 

73 
10 

66 

45 
80 
68 

63 
60 

139 

4 


«5 

««4 


790 


«9 


83 


Wrought 
Iron. 


36 
36 
57 

31 

«44 

9 
10 

44 

lOI 

56s 

757 
II 

3*9 


«,437 


3.5»5 
37 

1,134 

1,373 

39 

880 

x,330 

143 


8,330 


Cast 

Iron. 


13 

50 
383 


5a 


I90 
446 

77 
68 


1,115 


103 

733 

3.95a 

"536 
3a 

»»596 
46 


6,987 


Wood,  etc. 


334 


1,083 
3ao 

874 


3,660 


3 
aoa7 


13 


670 
106 


3«"8 


Total. 


86 

99 

79 

»37 

478 

89 
130 
107 

596 
3,098 
«,«54 

M3 
«,3«7 


7.003 


3i5i5 
i6a 

4.173 
3t95a 
1,373 

536 

«37 
880 

3.596 
395 


18,518 


Summary. 


Boiler 

aoi 

"883 

7a 

790 

19,383 

4,ao9 
3.04a 
7,568 
a,437 

3«394 
913 

5.97a 
8,373 
1.115 

13 

***;36 

650 

3,660 

>  5,989 

5.131 

10,033 

16,663 

7,003 

Frame 

Machinerr  

RunninsT  rear 

Fittinirs 

Total  Bnirine   » 

«,945 

39,638 

19,766 

3,458 

54.807 

Tender 

83 

8,330 

6,987 

3.  "8 

18,518 

Total  Engine  and  Tender. . . . 

S/>38 

37,968 

a6,753 

6,576 

.73,3a5 

To  which  is  to  be  added,  for  weight  of  engine  in  working  order,  for  contents  of 

boiler,  fire-box,  and  two  men  in  cab,  about 6,000 

And  for  contents  of  tender,  coal 8,000  ll». 

water  (1600  galls.) 13,500   ** 

31,500 


GiTing  for  total  weight  of  engine  in  senrice. 
And  for  toul  weight  of  tender 


60,807 
40.018 


Approximate  total  engine  and  tender  in  serrice  ... 100,835 

N0.  •/ stparatt  piecet.  Urge  and  small  (not)  J"  fiSHf ^'^ 

inrfi7rfin.r  n>il.^  * V"  teudef ',366 

*     Total o,»7o 


including  naib). 


Tk»  proportion  of  brass  is  now,  in  general  practice,  much  less  than  in  the  above  engine. 


CIIAf. 
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Table  135. 

Length  op  Service,  Mileage,  and  Life  of  Locomotives  on  Pennstlvanu 
Railroad  (P.  R.  R.  Division)  to  January  i.  1885. 

Passenger  Locomotives, 


Ybabs 

Number  op  Locomotives. 

Total  Mileage  (i  =  looo  miles). 

ATerace 

IN 

Service. 

Toul. 

InSer. 
vice. 

COD- 

demoed. 

Highest. 

Lowest. 

ATerage 
per  Loco. 

Miles  per 

Loco,  per 

YearT 

B 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

2 

7 

3 
8 

6 

3 
II 

7 
9 

5 
4 

2 

7 

I 

7 

3 
I 

9 
7 
8 

4 
3 

0 
0 

2 
I 

3 

2 

2 
0 

I 
I 
I 

382 

345 

294 
389 

563 

428 

613 

589 

780 

688 

637 

344 
248 
264 

247 

307 
319 

286 

397 
351 
431 
488 

363 
302 

282 

316 

391 
369 
401 

483 
491 

536 

559 

45.372 
33566 
28,165 
28.702 
32.573 

28.349 
28.657 

32.204 

30.689 

31.519 
31.067 

13 

65 

52 

13 

780 

247 

412 

31.707 

Freight  Locomotives. 


5- 
6. 

7. 
8. 

9. 
10. 

II. 
12. 
13. 
14. 
15. 
16. 

17. 

18. 

19. 
20. 
21. 
22. 

I3i 


33 

33 

0 

23 

23 

0 

10 

10 

0 

13 

13 

0 

27 

24 

3 

15 

II 

4 

12 

7 

5 

43 

29 

14 

44 

32 

12 

36 

15 

21 

26 

14 

12 

21 

12 

\ 

16 

8 

17 

12 

5 

2 

0 

3 

4 

I 

3 

3 

z 

2 

4 

0 

4 

349 

345 

104 

197 

220 

279 

289 

314 
317 

416 

454 
440 

426 
561 
532 
485 

430 
400 

519 
464 
431 


561 


130 

147 
192 

240 

225 

201 

202 

206 

235 
244 
271 
271 

324 
308 

351 
378 
354 
387 


130 


161 
176 
250 
262 

273 
260 

287 

302 

318 

339 
378 

393 
397 
371 
375 
438 

393 
411 


301 


32.263 
29.391 
35.705 
32.715 
30,349 
25973 
26.063 

25.172 

24.425 
24.215 
25.304 
24.539 

23.337 

20.630 

19.758 
21,905 

18.733 
18,684 


33,331 


The  above  locomotives  were  intended  to  give  a  fair  average  of  engines  of  all  ages  and 
classes  of  service,  and  cover  about  60  per  cent  of  the  whole  number  in  service.  The  looo> 
motives  having  the  highest  mileage  (780,18a  miles,  passenger;  56i«x39  miles,  freiglit) 
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were  both  still  running  and  in  |;ood  order. .  In  the  original  abstract  the  miles  run  were 
given  to  units,  but  have  been  abbreviated  to  the  nearest  thousand. 

Running  of  engines  first  in  first  out  was  first  introduced  in  1878,  six  years  before  date 
of  table,  and  abnormally  increases  the  average  mileage  of  the  younger  engines  relatively 
to  the  older.  Allowing  for  Ihis,  there  is  little  evidence  of  diminution  of  yearly  mileage 
with  age. 

Special  Performances. — Engine  373,  479,248  miles  in  ten  years ;  $8536.42  for 
repairs,  or  1.74  cents  per  mile  run  ;  251,552  miles  before  being  off  its  wheels  for  general 
repairs.  Engine  274,  504,301  miles  in  ten  years ;  $6534.45  for  repairs,  or  1.29  cents  per 
mile  run  ;  243,476  miles  before  being  off  its  wheels,  except  once  as  the  result  of  an  acci- 
dent.   Engine  1047,  41,510  miles  in  three  months,  or  461  miles  per  day. 


Average  mileage  of  72  passsenger  engines,  1882,  . 
*•  "  175  freight  engines,  1882, 


Highest.  Lowest.  Average. 
.  79.258  30.039  45.936 
.    58,7"        30,000        36,584 

About  80  or  90  per  cent  of  the  breakages  of  the  working  parts  of  engines  on  the  Penn- 
sylvania Railroad  occur  immediately  on  starting  from  a  stop. 

A  paper  before  the  German  Society  of  Mechanical  Engineers  showed  that  out  of  39 
engines  (presumably  a  fair  average) — 

10  of  shortest  life  were  broken  up  after     .        •        • 6.5  years. 

10  of  longest  Ufe  were  broken  up  after 28.5     " 

15  were  in  use  less  than  20  years,  and  average  of  all  was 20.2    ** 

The  average  mileage  of  German  locomotives  (Table  69)  is  11,870  miles  per  year,  indi- 
cating a  very  short  locomotive  life  in  miles. 


Table  136. 
Approximate  Life  op  Various  Parts  of  the  Locomotive. 


PAirr. 


L0C0iH»tive*  a$  •  wkoU^  American 

**  ''       *•       English  (and  Eu- 


rope generally).. 

**       Frames,  wood 

B^tltrt^  as  a  whole  (#jr  partial  renewals) 
English  (prob.  an  av.  of  all  parts) 


»• 


U.S. 


t» 


«• 


tt 


(bad  water). 


Fire^x   steel,     hitumincu*   c—l     fuel 
(wood ,  two  thirds  greater) .... 

Fire^x  steel,  •nthracite  coal  (iron   or 
copper  fire-t>ox,  about  one  third  only).. 

Fire-^x    steel   {anthracite   fuel,    50,000 
miles  less,  passenger) 

Fire-box   steel  {anthracite    fuel,    50,000 
miles  less,  freight) 


Authority. 


M.  M.,L.  S.  AM.  S.  Ry. 

[r.  P.Williams 

L.  S.  ft  M.  S.  Reports.... 
M.  M.  Association 

L.  S.  ft  M.  S.  Reportt. . . . 

McDonnHl,  M.  Inst.  C.E. 

M.  M.,  L.  S.  ft  M.  S.. .... 

Various  sources 

M.  M.,  L.  S.  ft  M.  S 

M.  M.,  Ph.  ft  Reading. .. 

M.  M.  Association 

M.  M.  Association 


Life  in 
Years. 

aa  to  a4 

ao 

10 

7 

•  •  • 

10  to  14 

«5 

•  •  ■  « 

6 

•  •  •  • 

10  + 

8  + 

Life  in 

Miles. 


700,000 

450,000 
to  500,000 

800,000 

950,000 

800,000 
to  1.000,000 

330,000 

to  350,000 

450,000 

300,000 
to  350,000 

sBo,ooo 


iso,ooo 


300,000 
950,000 
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Bad  water  estimated  to  reduce  these  last  averages  about  100,000  miles,  and  increase  cost 
of  maintenance  $750  per  year,  or  ai  to  3  cents  per  mile  run,  in  extreme  cases.  The  L.  S. 
&  M.  S.  is  an  unfavorable  road  in  this  respect.  Fractures  of  fire-box  sheets,  ranse  as 
an  average  of  3  years  (M.  M.  Ass*n  Reports)  over  xooo  engines  per  annum,  about  on€ 
sheet  for  xo  engines  per  year  on  roads  with  bad  water,  and  thence  down  to  none  with 
pure  water.  Lowest  mileage  of  fractured  plates,  75,000;  highest,  150,00a  Occurs  only 
after  deposit  of  scale.  Nearly  all  fractures  (about  seven  eighths)  are  in  side  sheets,  vaitical, 
starting  just  above  fire. 

Washing  out  boilers. — Good  water,  England,  every  three  weeks.  U.  S.  average, 
about  one  month,  but  much  oftener  with  bad  water.  Thichness  0/ steely  almost  univeis- 
ally :  tube-sheet,  ^  to  \"\  sides,  back,  and  crown,  i^'\  barrel,  f. 


Firt-hcxes  copper.— Q\.  No.  and  L.,  S.  C. 
A  D.  Rys.,  cnglish  (pass,  and  freight).. 

Tubesy  iron^  various  English  railways. . . . 

entirely  new  sets 


It 


McDonnell 

McDonnell 

10  yrs.,  L.  S.  ft  M.  S.  Reps. 


Years. 
3  to  5 

6t07 
X5 


Mileage  Life. 
j  74<<»o 

I        to  161,000 

t  190,000 

to  167,000 

360,000 


Ordinarily  taken  for  entirely  new  sets  at  half  the  life  of  the  engine,  with  one  or  mopt 
piecings  at  end  in  addition,  and  removal  once  in  x  to  li  to  2i  -r  years,  according  to  water, 
for  removing  scale.  On  Boston  &  Albany,  with  very  good  water,  tubes  are  never  re- 
moved nor  boilers  blown  out  except  for  repairs.    Other  lines,  once  in  6  to  8  years.   'Brass 

tubes  not  essentially  different ;  require  cleaning  less  frequently. 

-  Mileage 
Tabes,  ^raxx.— Average  of  Bnglish  returns,  passenger,  fair  water  (freight  Life. 

about  one  half  only)  

Maximum  reported  (McDonnell,  average  of  10  years) <  to  457  < 

Axles,  iron  (drivers).— L,.  S.  &  M.  S.  and  J.,  M.  ft  L  (max.  before  removal).. 

"         "     (cr"*).-EngI.A {  ,o2|;S 

**         **     truck.— L.  S.  ft  M.  S 100^000 

Bearings  (</r»T'/r*).— Vanotis  railways,  per  A"  ^"^^ar <  ^    SSo 

Highest  report,  D.,  L.  ft  W.,  89.000  ;  lowest,  Philadelphia  ft  Reading,  14,000. 

Tires,  steel. — ^5'  6^'  average  of  U.  S. ;  65,000  per  turning  ;  3  turnings aoo,ooo 

In  heavy  service,  with  small  drivers,  near  about  half  this,  or 100,000 

(6' 6" X96,( 

English  reports  very  nearly  the  same,  viz.  <   .  ,„  .  I  io6,< 

r  *  1       to  I50.C 

Driving-wheel  centres.— L.  S.  ft  M.  S.  Reports i|Ooo^ooo 

Cylinders.— Same  as  engine. 

Franae.— *'  A  question  of  accident"  (M.  M.  Assoc.). 

Troclc-wheels.— (About  av.  of  U.  S.,  28"  to  30"  wheels).    M.  M.,  Ph.  ft  Rdg.  34«ooo 

Tender-wheels.— (About  average  of  U.  S.,  33"  wheels) 90^000  •{- 

Talves.— Common  slide-valve  between  facings  (M.  M.  Assoc.) 30.000 

**       —Good  balanced,  several  patterns,  between  facings (M.  M.  As8*n)....  ^  xoolooo 

Scrap  Talne,  old  English  locomotives  (copper  fire-box,  brass  tubes),  about 
10  p.  c.  of  original  cost  of  materials. 

The  locomotives  of  the  Pennsylvania  Railroad  go  into  shop  for  general  repairs  onoe  !■ 
18  to  ao  months. 
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Table  137. 
Miscellaneous  Extra   Heavy  Locomotives. 

(A  list  published  in  the  National  Car-Builder,) 


Road. 


Kind. 


Reading 

Pennsylvania 

Baldwin  Loc.  W'ks. 
Boston  &  Alt>an]r. . . 
Pennsylvania 


Pautngtr  Loctnotivt*, 
Fast  express. 


** 


t* 


Class  K... 


Tank  locomotive. 


Reading 


A.,  T.  &  Santa  F^.. 
Central  Pacific 


Freight  L0comotiv€, 

Consolidation 

Twelve  wheels  coupled 
Consolidation,  tank.. . . 
Mogul,  tank 


Wkicmt. 


Total. 


96,200  lbs. 
92,700    ** 
85.000    •* 
80,000    " 
1 130,400    ** 


X09,000 


<• 


t» 


lot  ,000 

t  115,000     '• 


On  Drivers. 


*  64,350  lbs. 

♦65,300    *• 

1 35  to  45,000  lbs. 

1 56,000  lbs. 


88,500  lbs. 
xoi,ooo  ** 
X  100,000  ** 
88,000  " 


Driv- 
ers. 


68  in. 

78  " 

78  *• 

66  " 

60  " 

50  " 

46  * 

48  " 

48  " 


Cyl'n- 
dera. 


31  X  33  in 
18x34  " 
18x34  ♦* 
18x33  ** 


17x34 


*• 


30x34  •• 
30x36  •• 
17x34  •' 
16x34  " 


♦  On  four  wheels.       t  On  two  wheels.       X  Bstimated.    $  Reported  weight. 


THE  RUNNING  GEAR. 

504t  The  distinctive  peculiarities  of  the  running  gear  of  American 
locomotives,  as  compared  with  foreign,  are  two:  the  swivelling  TRUCK 
in  front  (in  England  called  **  bogie"),  and  the  equalizing  levers  by 
which  the  load  is  kept  uniformly  distributed  on  the  four  or  more  drivers, 
and  the  effect  of  any  chance  irregularities  in  the  track  reduced  to  a 
minimum.  The  first  was  invented  by  John  B.  Jervis  in  1830,  soon  after 
the  trial  of  the  Rocket  took  place;  the  second  was  invented  by  Ross  M. 
Winans,  who  also  invented  the  double-truck  railway  car  which  has  be- 
come all  but  universal  in  this  country,  only  a  few  years  later.| 

505.  Both  of  these  inventions,  with  much  else  that  was  novel  and 
meritorious,  had  their  origin  in  the  necessities  of  the  earlier  years  of 
American  railways,  which  required  that  the  locomotives  should  be 
adapted  to  ready  passage  over  sharp  curves  and  imperfectly  surfaced 
track  and  road-bed.     Both  of  them  are  now  gradually  making  their  way 

I  A  crude  form  of  double-truck  car  was  shown  to  have  been  used  in  Quincy, 
Mass.,  before  Winans  invented  it,  so  that  Winans  was  unable  to  support  his 
claim  for  patent;  but  he  reinvented  it  independently,  and  really  deserves  the 
credit  for  conceivin;;^  of  and  introducing  it  as  the  normal  type  of  car.  The 
equalizing  lever  has  been  claimed  as  the  invention  of  Mr.  Thomas  Rogers,  who 
probably  was  an  original  inventor,  but  Winans  seems  to  have  antedated  him. 
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into  England  and  throughout  the  world ;  and  both  of  them,  beyond 
doubt,  will  eventually  become  universal,  since  they  are  almost  equally 
advantageous  on  good  roads  and  on  poor  roads,  the  only  difference  being 
that  on  poor  track  they  are  absolutely  indispensable,  while  on  good  track 
they  are  not  indispensable,  but  merely  advantageous.  In  great  part,  we 
owe  to  them  two  advantages  which  experience  appears  to  indicate  that 
the  American  locomotive  possesses:  It  can  (at  least  it  unquestionably 
does)  haul  greater  loads  in  proportion  to  weight  on  drivers,  and  it  is  less 
readily  disorganized,  so  that  it  can  run  in  practice  (at  least  it  does)  a 
great  many  more  miles  in  a  day  and  a  year  (see  Tables  68.  69). 

The  extent  of  this  advantage  should  not  be  exaggerated.  It  does  not 
clearly  appear  that  on  first-class  track  (on  which  alone  English  locomo- 
tives can  be  run  at  all  to  any  advantage)  the  cost  of  locomotive  repairs 
per  mile  run  is  noticeably  different  for  either  type,  although  the  cost  per 
ton  hauled  is  enormously  in  favor  of  American  engines.  Nevertheless  it 
still  remains  true,  that  wherever  American  locomotives  have  fairly  come 
in  competition  with  those  without  their  distinctive  features,  as  inCanadii. 
Mexico,  South  America,  and  the  Australasian  colonies  (in  nearly  all  of 
which  the  right  of  decision  has  rested  in  English  officials),  they  have  in- 
variably obtained  the  preference,  with  exceptions  that  prove  the  rule. 

506.  The  original  type  of  American  locomotive,  still  distinctively 
known  as  the  "American"  type,  has  two  drivers  coupled,  spaced  8  ft.  to  8 
ft.  6  in.  apart  so  as  to  include  the  fire-box  between  them,  with  a  four-wheel 
truck  in  front.  Until  about  twenty  years  ago  this  type  was  all  but  uni- 
versal in  both  passenger  and  freight  service,  but  the  name  is  now  rapidly 
losing  its  appropriateness.* 

507.  At  the  present  time  there  are  the  following  types  in  common  use 
in  America. 

1.  American  (Table  127),  4  drivers,  4  truck  wheels;  still  approved 
for  light  service,  but  passing  out  of  use  for  ordinary  freight  and  heavy 
passenger  service. 

2.  Mogul  (Table  128),  6  drivers,  2  truck  wheels  (pony  truck);  one  of 

*  Complete  illustrations  of  every  detail  of  the  ordinary  form  of  *'  Americmo** 
engine,  with  outline  drawings  of  others,  may  be  found  in  the  ''Catechism  of 
the  Locomotive,"  by  M.  N.  Forney,  and  drawings  and  descriptions  of  many 
examples  of  all  the  types  of  locomotives  here  named  in  '*  Recent  Locomotivet.** 
both  published  by  the  Railroad  Gazette  of  New  York.  The  catalogues  of  the 
Baldwin  and  the  Rogers  Locomotive  Works  also  contain  views  and  many  of 
the  details  of  all  ordinary  types  of  locomotives,  with  much  other  interestioc 
matter.     All  the  above  works  are  valuable  ones  for  the  engineer  to  own. 


k. 


CHAP.  XL^LOCOMOTIVE  RUNNING  GEAR.  423 


the  earliest  modifications  of  the  "  American"  locomotive  and  largely  used, 
but  in  rather  less  favor  than  formerly. 

3.  Ten-wheel  (Table  128),  6  drivers,  4  truck  wheels;  generally  pre- 
ferred to  the  Mogul,  and  at  one  time  bidding  fair  to  become  the  standard 
type  for  heavy  freight  service,  but  now  hardly  tending  to  multiply,  except 
as  a  substitute  for  the  American  for  heavy  passenger  service. 

4.  Consolidation  (Table  129),  8  drivers,  2  truck  wheels ;  a  compara- 
tively recent  innovation,  invented  by  Alex.  Mitchell,  superintendent  of 
the  Lehigh  Valley  Railroad,  in  1872.  It  has  very  rapidly  won  its  way 
into  public  favor,  and  is  now.  it  is  hardly  too  much  to  say,  the  standard 
American  locomotive  for  heavy  freight  service,  and  is  fast  coming  into  use 
for  all  but  the  lightest  service. 

These  are  the  only  types  which  can  be  said  to  be  in  general  use  for 
road  service,  but  in  addition  there  are  the  following  in  approved  but 

more  limited  use : 

5.  Mastodon  (Table  130),  eight  drivers,  four  truck  wheels  a  very 

recent  design  introduced  by  Mr.  A.  J.  Stevens,  of  the  Central  Pacific 
Railroad,  in  1881,  and  said  to  be  rendering  most  excellent  service.  Some 
have  been  built  for  the  Lehigh  Valley.  It  has  not  as  yet  (1886)  been  in- 
troduced to  any  extent  on  other  roads,  but  it  is  exceedingly  probable 
that  it  will  be.  While  not  very  largely  increasing  the  load  on  the 
drivers,  which  is  not  feasible,  the  four-wheel  truck  and  greater  load 
thereon  not  only  makes  the  engine  run  better,  but  enables  the  boiler  to 
be  enlarged. 

6.  Forney,  a  type  invented  by  Mr.  M.  N.  Forney  some  twenty  years 
ago,  having  the  tender  and.  engine  combined  on  one  frame,  the  tender 
running  in  front  and  its  truck  serving  in  lieu  of  an  engine  truck,  so  that 
the  weight  of  the  engine  itself  is  carried  wholly  on  the  drivers. 

508t  The  advantage  of  the  Forney  type  is  that  it  gives  more  tractive  power 
(adhesion)  for  the  same  size  of  engine,  by  placing  the  entire  weight  of  the  latter 
on  the  drivers.  Its  disadvantage  is  that  the  boiler  of  no  locomotive  engine 
can  generate  steam  enough  to  utilize  its  whole  weight  for  adhesion,  unless  at 
slower  than  ordinary  freight  speeds,  or  in  service  requiring  very  frequent 
stops,  as  will  be  seen  from  par.  551.  For  such  service  only  is  the  engine  well 
adapted,  and  for  such  service  only  has  it  come  into  use.  As  this  service  is 
the  exception,  the  quite  extensive  use  which  the  type  has  recently  been  given 
still  leaves  it  an  exceptional  type.  It  has  been  urged  for  use  in  general  ser- 
vice, but  is  not  well  adapted  for  it  in  the  respect  mentioned. 

509t  Other  types  of  engines  are : 

7.  Double- Ender,  with  two  "pony"  trucks,  one  at  each   end,  or 
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sometimes  with  one  "  pony"  and  one  four-wheel  truck ;  used  chiefljr  for 
short- run  local  service. 

8.  Tank  Engines;  a  type  not  confined  to  any  especial  form  of  run* 
ning  gear,  but  available  for  any  locomotive,  whenever  it  is  desirable  to 
have  very  great  adhesion  for  short  runs.  As  this  adhesion  can  only  be 
utilized  at  very  slow  speeds,  without  exceeding  the  boiler  power,  there  is 
no  economy  or  advantage  in  placing  a  tank  on  the  engine,  except  as  a 
temporary  resource,  unless  for  very  slow  speeds ;  and  hence,  naturally, 
very  small  drivers,  carrying  nearly  the  whole  weight  of  the  engine,  are 
usual  with  tank  engines. 

510.  This  type,  carried  one  step  further,  results  in — 

9.  Fairlie  Engine;  two  boilers  placed  back  to  back  with  a  single 
frame,  and  carrying  on  their  back  the  entire  supply  of  both  fuel  and 
water.  The  two  "  trucks"  on  which  the  whole  is  carried  are  driving- 
wheel  bases,  each  carrying  their  own  cylinders,  which  are  supplied  with 
steam  through  a  swivelling  joint.  It  is  still  less  possible  for  engines  of 
this  type  than  for  tank  engines  to  utilize  their  great  adhesion  without 
exceeding  their  boiler  power,  except  at  the  slowest  speeds.  Consequently 
they  have  only  found  acceptance  for  work  on  very  heavy  grades  where 
great  tractive  power  is  necessary  and  slow  speed  no  objection,  and  for 
such  service  only  are  they  suitable.  The  type  is  the  invention  of  the 
late  Robert  F.  Fairlie,  the  "  apostle"  of  the  now  moribund  narrow-gauge 
movement,  and  was  pushed  by  him  energetically  for  many  years,  but 
without  success,  except  as  respects  localities  such  as  described  (as 
for  example  the  Mexican  Railway  described  in  Appendix  Q,  where  the 
type  has  done  and  is  doing  good  service,  although  very  costly  to  maintain. 

511.  Finally,  in  certain  extreme  cases,  where  still  greater  adhesion  is 
necessary  and  still  less  speed  desired,  there  is  a  device,  already  referred  to 
(par.  495),  by  which  the  paying  load  is  carried  on  a  platform  slung  be- 
tween two  tank  engines,  and  so  utilized  for  adhesion,  and  when  even 
these  devices  have  not  sufficed  to  give  necessary  adhesion  on  very  heavy 
grades,  reliance  upon  insistant  weight  to  give  necessary  adhesion  has 
been  abandoned  altogether,  except  as  an  auxiliary  resource,  and  recourM 
had  to  other  devices  noted  in  par.  495. 

512.  In  addition  to  the  previous  types  mentioned,  there  are  for  yard  uss 
only — 

10.  FouR-WHKKL  Switching  Engines. 

11.  Six-wheel  Switching  Engines. 

Both  of  these  are  made  either  tank  or  with  tender,  usually  the  latter.  They 
are  admirably  adapted  by  their  great  tractive  power  for  yard  work,  which 
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demands  great  power  even  for  short  trains,  in  order  to  get  them  under  way 
easily,  and  they  are  only  used  for  such  service.  Neither  their  boiler  power 
nor  running  gear  is  adequate  for  high  speed,  and  in  fact  engines  with  trucks 
are,  as  a  rule,  preferred  even  for  yard  service. 

513t  In  all  these  various  types  the  load  on  the  drivers  is  equalized  by 
side  levers  connecting  the  springs,  whereas  in  foreign  locomotives  it  is 
not  customary  to  do  more  than  give  a  separate  spring  for  each  wheel. 
The  effect  of  this  equalizing  is  that  in  all  engines  of  the  **  American"  type, 
and  less  perfectly  in  the  other  American  types  of  engines,  the  loco- 
motive is  carried  in  effect  upon  three  points,  the  centre  of  the  truck  and 
the  centre  of  the  equalizing  system  on  each  side  of  the  boiler,  in  three- 
legged-stool  fashion,  which  ensures  perfect  contact  of  wheel  and  rail, 
and  uniform  distribution  of  pressure,  on  all  inequalities  of  track.  For  the 
same  reason  that  a  three  legged  stool  always  stands  solidly  on  any  surface 
however  rough,  while  one  with  four  or  more  legs  will  only  stand  solid 
on  a  plane  surface,  the  total  weight  is  always  evenly  and  fairly  distributed 
between  the  wheels,  however  rough  the  track. 

In  foreign  engines,  on  the  contrary,  which  are  not  equalized,  the  con- 
sequence of  this  or  some  other  and  unexplained  difference  of  detail  or 
of  administration  is  that  there  is  very  great  irregularity  in  the  pressure 
of  the  wheels  on  the  track.  The  exhaustive  experiments  of  the  late 
Baron  von  Weber  on  maintenance  of  way  showed  the  pressure  on  the 
rail  varying  all  the  way  from  zero  to  twice  the  average  load.  That  the 
elimination  of  this  irregularity  of  load  by  adding  equalizers  should  have 
a  certain  effect  to  increase  the  tractive  power  seems  reasonable,  and  that 
or  other  cause  (perhaps  only  greater  effort  to  utilize  to  the  utmost  the 
power  of  the  locomotive)  has  had  that  effect. 

514.  All  the  diverse  types  of  engines  for  road  service,  both  American 
and  foreign,  while  differing  in  almost  every  other  detail  of  their  running 
gear,  agree  in  this — that  in  every  case  (except  four-  and  six-wheel  switch- 
ing engines)  there  is  either  a  truck  or  some  substitute  therefor  to  per- 
form the  office  of  pilot  for  the  driving-wheel  base.  Experience  has 
abundantly  shown  that  such  a  pilot  is  necessary  for  safety  at  high  speeds, 
or  on  rough  track,  and  advantageous  at  all  times.  The  different  methods 
for  accomplishing  this  end,  in  the  order  of  their  introduction,  are  as 
follows : 

1.  A  fixed  axU,  parallel  with  the  driving-wheel  axle,  but  carrying  a 
lighter  load  ;  the  normal  foreign  type. 

2.  The  ordinary  American  four-wheel  truck,  consisting  of  four  wheels 
on  two  parallel  axles,  the  whole  swivelling  on  a  centre-pin  0»  Fig.  102. 
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3.  The  same  truck  with  a  raing  motioH,  the  mechanic&l  details  of 
which  are  in  substance  similar  to  Figs.  101,  103,  permittiDg  the  truck  to 
deviate  somewhat,  laterally,  from  the  axis  of  the  driving-wheel  base,  as 
Oa,  Fig.  100. 

4.  The  "pony"  or  BisselHruck  (so  named  from  its  inventor),  consist- 
ing of  only  a  single  pair  of  wheels  on  a  single  axle,  but  with  its  axle 

attached  to  a  radius  bar  (constructed  in  prac- 
tice as  a  double  V-shaped  bar,  as  shown  bjr 
the  solid  lines)  so  that  the  pair  of  wheels 
swivel  around  a  point  0,  Fig.  98,  6  to  8  feet 
In  the  rear,  thus  having  the  efiect  to  compel 
the  single  axle  to  always  remain  parallel  with 
thedriving-azleson  tangents,  while  permitting 
it  to  assume  a  radial  position  on  curves. 

&19.  All  these  four  plans  have  approxi- 
mately  the  same  object,  to  relieve  the  drivii^- 
Trheel  flanges  of  the  task  of  guiding  the  driv- 
ing-wheel base  on  curves,  and  to  leave  them 
only  the  simpler  duty  of  holding  them  on  the 
rails  against  the  effect  of  chance  irregularities 
of  motion.  To  do  this,  if  it  be  effectually 
done,  it  is  plain  that  a  heavier  duty  must  be 
thrown  upon  the  flang-es  of  the  forward  wheels 
than  properly  appertains  to  the  load  carried  on 
them,  and  apparently  these  diverse  plans  will 
'''=•  «*■  accomplish  the  end  with  very  unequal  degrees 

of  efficiency,  and  cause  very  unequal  derailing  moments  in  the.  forward 
wheels.  Nevertheless,  each  and  all  of  them  have  been  approved  by 
experience  as  adequate  for  the  end  in  view,  nor  has  experience  shown  any 
very  great  difference  in  the  coefficient  of  safety  o(  each.  By  investigat- 
ing theoretically  the  mechanics  of  the  locomotive-wheel  base,  we  shall 
see  why  this  should  be  so,  and  at  the  same  time  gain  an  important  insight 
into  the  feasibility  of  using  various  types  and  sizes  oE  locomotives  on 
different  alignments.  The  result  of  such  an  analysis,  which  follows  below, 
is  presented  in  Fig.  107,  page  433. 

S16.  The  work  10  be  done  by  the  pilot-wheels  ii  in  all  cases  the  lame — to 
prevent  the  front  outer  driving-wheel  flange  from  grinding  against  the  rail  and 
compel  it  to  stand  away  from  the  rail,  or  at  least  relieve  iu  pressure.  To  do 
this,  force  or  pressure  must  be  applied  at  some  point  00  the  axis  of  the  drlvlnK- 
wheel  base  sufficient  to  cause  it,  fn  effect,  to  continuously  rotate;  becanaa  it 
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compels  the  wheel-base  to  change  its  direction  to  follow  the  curve  sooner  than 
it  naturally  tends  to  do  so. 

The  force  (pressure)  in  pounds  necessary  to  cause  this  rotation  is  the  same, 
however  fast  or  slow  the  motion  of  rotation  takes  place  (the  work  done  in  foot- 
pounds per  second  only  varying),  and  varies  only  with  (i)  the  load  on  drivers, 
(2)  the  coefficient  of  friction,  which,  for  reasons  we  shall  shortly  see,  we  will 
take  at  one  third,  and  (3)  the  length  of  the  wheel-base.  The  rotation  may  take 
place  either  by  throwing  the  front  axle  inward  or  the  rear  axle  outward,  or 
both;  but  without  going  into  unnecessary  and  doubtful  details  as  to  which  is 
most  probable,  which  would  but  little  affect  the  final  result,  the  resisting  mo- 
ment of  the  driving-wheel  base  to  rotation  may  be  estimated  as  follows: 

Two-axle  driving-wheel  bas^  of  length  =  /  and  total  load  =  IV\  letting 
r  =  diagonal  distance  from  centre  of  wheel  base  to  each  wheel: 

Resisting  moment  M  =  Wr  X  coefficient  of  friction  (say  \), 

Three-axle  wheel  base,  of  length  =  /and  total  load  =  W^ : 

Resisting  moment  Af  =  {\  Wr -{-^  PVr)  X  coefficient  of  friction. 

FouRAXLE  wheel-base  : 

Resisting  moment  Al  =  \  PV  {r -\- r')  X  coefficient  of  friction. 
The  values  of  r  and  f'  are  readily  computed  from  the  gauge 
and  the  length  of  wheel  base. 

This  resisting  moment  is  overcome  in  any  form  of  loco- 
motive-wheel base  by  a  force  applied  at  some  point  O,  Figs. 
98,  100,  acting  with  a  leverage,  which  let  =  Z,  varying  with  the 
pattern  of  engine;  and  the  amount  of  this  force,  O,  is  readily 
determined  by  the  formula 

517.  This  statement  of  the  action  of 
these  forces  is  incomplete  in  this,  that  a 
motion  of  rotation  of  the  driving-wheel 
base  can  only  be  produced  by  the  action 
of  a  couple,  and  not  by  any  single  force. 
Actually,  therefore,  it  is  essential  that 
one  or  the  other  wheels  should  serve  as 
a  fulcrum,  to  enable  the  force  O,  Fig.  99, 
by  which  the  truck  causes  the  driving- 
wheel  base  to  rotate,  to  act  ;  but  which 
wheel  it  would  be,  or  whether  it  would 
be  any  one  single  wheel  for  more  than 
a  few  instants  at  once,  we  cannot  assert  with  certainty,  nor  would  the  action  or 
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objection  10  ih«  sning-inaiioo  truck,  atthongb  Iti  trtie  cktue  li  dot  alwlijn  »i>- 
preciaied.  We  have  leca  (par.  si6)  thai  ibe  force  0  !■  a  cottiuitt,'  regardlen 
of  ihe  radius  of  curvature.  Consequently,  whenever  thii  force  li  called  Into 
action  an  all,  the  same  amotint  of  lateral  deflection,  Oa.  Fig*.  100,  loi,  101,  will 
lakr  place,  or  tend  10  take  place,  unlesi  atopped  by  the  drlTing-wheel  flange 
coming  in  contact  with  tbe  rail,  which  it  i>  the  object  of  the  truck  to  prevent. 


Fio.  loj. 

S21.  This  is  not  at  all  what  Is  deaired.  alncc  It  correctly  adapts  the  wheel- 
base  10  motion  on  only  one  curve,  that,  namely,  on  which  the  distance  Qa,  Fig. 
JOJ,  =  lhe  offset  to  the  curve  at  t)  from  a  tangent  to  the  curve  ate.  ThlS  Ihtlst  be 
on  a  comparatively  sharp  curve  if  the  very  object  of  the  sning-motion  (to  enable 
the  locomotive  10  pass  sharp  curves  easily)  is  to  be  attained.  On  easier  ctirvN 
the  amount  of  deviaiion  which  the  sning-moiion  permits  is  a*  much  loo  great 
3)  chat  of  the  fined  cenire-pin  is  loo  small.  On  all  easier  curves  thcwheel^ibdM 
will  lend  to  assume  a  position  somethinn  like  Fig.  loa,  nhich  is  still  less  favor- 
able  Chan  [he  normal  position  of  an  American  engine  wheel- base  .-without  the 
swing-motion,  outlined  in  Fig.  loo.  It  is  true  that,  owing  to  the  «pla^  given  to 
Ihe  links  of  the  swing-motion,  there  is  a  certain  amount  of  resistance  to  *,Kf 
lateral  motion,  however  slight:  but  this  is  not  sufficient  to  restrain  the  tendency 
to  assume  Ihe  position  shoivn  in  Fig.  101,  and  hence  has  litlle  remedial  vflect. 
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522i  For  these  reasons  the  swing-motion,  although  very  largely  used,  has 
never  shown  the  advantage  over  the  fixed  centre  which  it  probably  would  if  the 

lateral  deviation  were  in  fact  proportioned  to  radios 
of  curvature,  as  it  is  often  assumed  to  be.  As  orig- 
inally designed  by  Mr.  Bissell  (for  '*pony"  trucks) 
it  was  not  open  to  this  objection;  two  inclined 
planes  being  used,  in  the  manner  shown  in  principle 
in  Fig.  103.  which  offered  the  same  lateral  resist- 
ance however  much  or  little  motion  took  place. 
But  for  practical  reasons  (rapid  deterioration  of 
bearing  surfaces  and  impact  when  bearings  return 
to  the  centre)  this  form  has  passed  out  of  use,  per- 
haps in  part  for  lack  of  giving  due  weight  to  the 
theoretical  advantages  which  it  undoubtedly  pos- 
sesses. 

523.  The  manner  in  which  the  two-wheeled 
Bissell  or  '*  pony"  truck  (Figs.  104, 105)  relieves  the 
Fig.  X03.  driving-wheel  base  of  lateral  strain  is  quite  differ- 

ent, and  much  less  clear.  Apparently  it  ought  not  to  assist  at  all,  except  to 
the  very  slight  extent  (especially  on  easy  curves)  by  which  the  resistance  of  the 
swing-motion  (Fig.  loi).  which  is  directly  over  the  axle,  resists  lateral  motion; 

for  it  is  free  to  swivel  around 
its  bearing  at  O  (Figs.  104  and 
98),  regardless  of  the  remain- 
der of  the  wheel-base.  It  is- 
known  to  have  in  fact,  how- 
ever, a  very  material  effect 
upon  the  motion  of  the  wheel- 
base,  and  theory  very  readily 
"~  *  indicates  to  us  why  this  should 
be. 

The  ''pony"  truck  natu- 
rally tends  to  roll  forward  io 
a  riqht  line,  parallel  to  itself. 


fc^^a 


Pig.  X04. 


Fig.  X05. 

as  in  Fig.  104.  The  rigid  driving-wheel  base  behind,  and  not  its  own  flange  or 
its  coning,  as  we  shall  see,  compels  it  to  move  in  a  curve,  to  do  which  the 
drivif^g- wheel  base  must  exert  a  stress,  O^  Fig.  104.  in  the  opposite  direction 
to  the  arrow,  of  sufficient  magnitude  to  produce  motion  in  the  direction  ak^ 
Fi^.  105.  and  thus  slide  one  or  the  other  of  the  wheels  continuously  on  the  rail, 
compelling  the  leading  axle  to  move  in  a  curved  path  instead  of  a  straight  one. 
The  resistance  of  the  wheels  to  this  sliding  creates  one  or  the  other  (not  txMhl 


I 

i 

if 


432  CHAP.  XI.— LOCOMOTIVE  RUNNING  GEAR. 

From  this  it  will  be  seen  that  if  /=^  (Fig.  104)  the  lateral  force  at  O  neces- 
sary to  alter  the  path  of  the  leading  wheels  is  just  half  9a  great  as  if  these  were 
a  fixed  axle  at  O,  in  the  English  style  (because  there  is  only  one  wheel  to  slide 
instead  of  two),  with  the  added  advantage  that  the  pony  axle  is  approximately 
radial  and  guided  by  the  wheel-base  behind,  so  as  to  relieve  the  pony  flanges 
of  strain,  and  thus  add  greatly  to  safety. 

In  addition  to  the  force  O,  Fig.  104.  the  swing  motion  of  the  pony  truck  sup- 
plies any  desired  amount  of  additional  lateral  force,  directly,  whenever  the 
engine  is  running  on  curves  sharp  enough  to  develop  it  fully. 

526i  For  the  forces  acting  on  the  leading  outer  wheel  of  any  locomo- 
tive wheel-base,  then,  if  it  is  in  fact  to  perform  the  office  of  guiding  the 
complete  wheel-base  on  curves,  we  have  these  conditions :  There  is  a 
vertical  component  equal  to  the  load  on  the  wheel,  and  there  is  a  hori* 
zontal  component  equal  to  the  forces  determined  for  all  the  various  types 
in  pars.  516  to  525.  Tliese  forces,  as  computed  for  a  great  variety  of  light 
and  heavy  engines  of  all  types,  have  been  plotted  in  Fig.  107,  which  rep- 
resents graphically  the  comparative  degree  of  safety  of  various  types  of 
locomotives  for  passing  curves;  and  the  surprising  degree  of  uniformity 
which  they  show  in  a  measure  tends  to  confirm  the  correctness  of  our 
conclusions,  since  experience  has  shown  that  there  is  in  fact  no  marked 
diflference  in  safety  between  the  engines  themselves. 

Note  to  Fig.  107. — The  diagram  shows  in  magnitude  and  direction  the  resultant  of 
the  horizontal  and  vertical  forces  acting  on  the  front  outer  truck-wheel  of  locomotive 
wheel-bases  of  all  common  types  on  curves  of  any  radius  (the  same  being,  except  for 
unknown  variations  in  the  coefficient  of  friction,  uniform  FOR  all  RADII). 

The  comparative  safety  may  be  considered  as  varying — 

First.  With  the  direction  of  the  resultant,  as  being  more  or  less  inclined  to  the 
horizontal ;  those  most  inclined  being  the  safest,  other  things  being  equal,  since  the  re- 
listance  to  the  flange  mounting  the  rails  is  then  greatest. 

Secondly^  and  chiefly.  With  the  magnitude  of  the  resultant,  or  total  pressure  of  the 
ivheel  against  the  rail. 

All  American  engines,  embracing  a  great  variety  of  designs  and  weights,  will  be  seen 
to  lie  within  the  small  quadrilateral  marked  out  by  the  points  i,  3,  10,  15.  The  more  com- 
mon English  types  cause  a  far  greater  pressure  against  the  rails,  but  as  a  compensating 
advantage  have  more  nearly  vertical  resultants. 

Details  as  to  all  the  locomotives  shown  may  be  found  either  in  ' '  Recent  Locomotives,** 
Forney's  "Catechism  of  the  Locomotive"  (Railroad  Gazette),  or  Barry's  *' Railway  Ap- 
pliances" (Spon)*. 

Manner  of  Constructing  the  Diagram. 

The  vertical  ordinates  represent  the  load  in  pounds  on  the  front  outer  wheeL 
The  horizontal  abscissae  represent  the  lateral  stress  in  pounds  acting  on  the  whe^ 
whtch  consists  of  (tf),  with  four-wheel  trucks  only,  the  flange  pressure  necessary  to  cauie 
rotation  in  the  truck,  and  {b)  half  the  force  O,  Figs.  99  and  104,  required  to  be  applied  at 
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the  centre-pin  of  the  truck  (or  all  of  it  in  the  case  of  two-wheel  '*  pony**  trucks)  to  produoe 
rotation  of  the  driving-wheel  base. 

The  various  types  of  locomotives  shown  are : 


Mastodon. 
(4-wh^l  truck 


.,  i 


X — Central  Pacific, 
a— Lehigh  Valley. 


Consolidation,  j  a^Baldwin. 


I  3-1 


(Pony  truck.)  (  4— Pennsylv*a  (Class  I). 

Ten-wheel.  ( 5— Baldwin. 

(4-wheel  truck.)  (  6— Pennsylvania. 

Mogul.  \  7— Baldwin. 

(Pony  truck.)  ( 11 — Heavy  Mog;ul. 


American. 
(4-wheel  truck.) 


Engush. 


f  9— Baldwin. 
10—  Pennsylvania, 
za — English  fast 
14 — Pennsylvania  fast 

senger. 
15— Okl  (light)  fast 

senger. 


(No  truck,  lead-  \  ^^^„,„^  ,^ 
ingaxle.)         J 


TRACTIVE   POWER. 

527.  The  friction  between  the  driving  wheels  and  rails  which  prevents 
them  from  slipping  and  enables  them  to  propel  the  train  is  a  static  or 
merely  resisting  friction,  as  distinguished  from  dynamic  friction,  or  that 
in  which  motion  takes  place  between  the  surfaces  in  contact,  with  result- 
ing destruction  of  energy.  Its  cause,  beyond  all  question,  is  an  absolute 
interlocking  of  the  roughnesses  or  projecting  fibres  of  the  surfaces  in 
contact,  as  cogs  might  interlock.  That  this  is  essentially  true  of  all 
friction  between  metallic  surfaces,  under  the  most  favorable  circumstances, 
was  curiously  shown  by  experiments  of  Mr.  Beauchamp  Tower*  on  the 
most  finely  polished  and  completely  lubricated  journals:  a  mere  change  in 
the  direction  of  revolution  resulted  in  a  noticeable  but  temporary  increase 
in  the  coefficient  of  friction,  for  which  so  careful  and  competent  an  ob- 
server could  ascribe  no  other  cause  than  that  the  fibres  were  stroked  one 
way  by  continuous  revolution,  as  fur  might  be,  and  that  on  motion  being 
reversed  the  fibres  opposed  each  other. 

628.  Our  best  existing  evidence,  by  far,  of  the  general  laws  which 
govern  static  friction  between  rail  and  wheel  is  contained  in  two  papers 
by  Capt.  Douglas  Galton,  giving  the  results  of  experiments  on  brake 
efficiency  conducted  by  him  and  by  Mr.  Geo.  Westinghouse  in  1876. 
These  experiments  are  quite  unique  in  the  completeness  and  accuracy  of 
the  apparatus  used,  and  (what  is  still  more  important)  in  the  thorough* 
ness  and  technical  knowledge  with  which  the  records  were  analyzed,  and 
they  positively  contradict  the  assumption  sometimes  made,  that  the 


*  Trans.  Inst.  Mech.  Engrs. ,  1885.     See  Appendix  B. 
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coefficient  of  friction  between  rail  and  wheel  is  greater  at  low  speeds 
••on  account  of  less  time  for  new  surfaces  to  interlock."  ♦ 

An  impression  that  the  adhesion  is  less  at  speed  has  been  derived,  in 
some  instances,  from  dynamometer  records,  which  sliows  far  less  tractive 
pull  between  stations  than  in  starting.  This,  however,  results  merely 
from  the  fact  that  the  cylinders  are  not  able  to  exert  their  full  power  at 
speed,  and  has  no  real  connection  with  the  adhesion. 

No  error  of  moment  can  arise,  therefore,  from  assuming  that  the 
resistance  of  the  wheels  to  slipping  is  sensibly  constant  at  all  speeds.  It 
is  only  at  slow  speeds  that  the  precise  amount  of  adhesion  becomes 
important.! 

That  the  coefficient  of  adhesion  is  the  same  at  all  train- speeds  has  not  ^en 
experimentally  proven;  but  however  fast  the  motion  of  the  locomotive,  so  long 
'  as  the  drivers  do  not  slip,  the  adhesion  is  equally  static;  and  the  only  reason 
why  the  adhesion  should  be  less  at  high  speeds  is  that  the  fibres  are  afforded 
less  time  to  completely  engage  with  each  other.  That  this  difference  may  have 
some  slight  effect  is  possible,  but  as  the  available  cylinder  power  falls  far  more 
rapidly  with  increase  of  speed,  it  is  a  fact  which  is  not  important,  even  if  true. 

629.  When  slipping  has  once  begun,  however,  the  conditions  are 
very  different.  Chiefly  from  the  Gal  ton- West  ingho  use  experiments 
before  referred  to,  which  are  confirmed  from  other  sources  and  by  uni- 
versal experience,  we  may  derive  the  following  conclusions  as  to  the  gen- 
eral laws  which  govern  friction  between  rail  and  wheel ;  all  of  which  cor- 
respond closely  with  the  results  of  modern  investigations  of  other  kinds 
of  friction. 

*  "The  Pennsylvania  Railroad  Company,"  by  James  Dredge:  Appendix  on 
Brake  Trials.     The  exact  language  of  Capt.  Gallon  on  this  point  is: 

'*  The  amount  of  frictional  resistance  which  determines  the  point  at  which 
the  rotation  of  wheels  is  checked  varies,  it  is  true,  in  the  different  experiments. 
The  ratio  which  it  bears  to  the  weight  upon  the  braked  wheels**  varies  from  .29 
to  .35,  averaging  .25.  **  But  it  [the  variations]clearIy  represents  simply  the 
adhesion  between  the  wheel  and  the  rail,  and  varies  only  with  this,  and  not 
with  the  speed. 

"  Thus  at  60  miles  per  hour  the  amount  of  frictional  resistance  which 
checked  the  rotation  of  the  wheels  was  about  2000  lbs.  exhibiting  an  adhesion 
of  about  .191  per  cent;  at  15  miles  per  hour,  2160  lbs.  or  .196  per  cent.  As 
these  two  values  are  so  nearly  equivalent,  it  would  appear  that  the  effort  is 
much  the  same  at  all  speeds.*' 

f  D.  K.  Clark,  a  usually  careful  authority,  states  (p.  724.  '*  Man.  Mech. 
Eng^.'*).  "  As  the  speed  is  increased  the  adhesion  is  reduced,*' as  a  result  of  his 
own  tests  of  locomotives.  The  author  cannot  but  believe,  however,  that  this 
is  an  over-hasty  conclusion  by  that  able  and  usually  trustworthy  writer. 
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1.  The  coefficient  of  static  friction  between  rail  and  wheel  is  not  sen** 
sibly  affected  by  the  velocity  of  motion  (as  above). 

2.  It  is  very  greatly  affected  by  the  insistent  weight,  increasing  rapidly 
therewith. 

3.  It  is  very  greatly  affected  by  the  condition  of  the  surfaces  as  re^ 
speccs  moisture  or  other  equivalent  for  a  lubricant,  even  when  the  eye 
can  detect  no  difference,  and  is  very  considerably  affected  by  unknown 
causes,  so  that  it  can  rarely  be  determined  twice  alike. 

4.  It  is  greatest  when  the  rails  are  very  dry  or  (probably  for  the  rea- 
son that  the  minute  mineral  and  metallic  particles  which  act  as  rollers  are 
washed  away)  very  wet,  moisture  or  frost  having  the  most  injurious  effect. 

5.  The  coefficient  of  dynamic  or  sliding  friction  is  very  greatly  less 
than  static  friction,  and  very  greatly  affected  by  velocity,  in  inverse 
ratio  thereto.  At  the  instant  when  slipping  begins,  the  velocity  of  the 
rubbing  surfaces  being  very  small,  it  is  sensibly  the  same  as  static  friction, 
but  as  the  velocity  becomes  greater  it  falls  very  rapidly,  until  it  is  hardly 
one  third  or  one  fourth  as  great  as  the  static  friction. 

Tables  112,  113,  page  290.  show  the  general  results  of  these  tests,  and 
the  evidence  on  which  the  above  conclusions  are  based,  more  clearly 
than  words. 

From  these  laws  it  necessarily  results  that  when  slipping  of  the 
drivers  once  begins  the  resistance  to  further  slipping  (coefficient  of  fric- 
tion) should  almost  instantly  fall,  and  hence  that  the  wheels  should 
almost  instantly  begin  to  "spin;"  i.e.,  the  surplus  energy  of  the  drivers, 
no  longer  required  to  turn  the  wheels  against  a  great  resistance,  but 
only  against  a  small  resistance,  must  necessarily  go  somewhere,  and  is 
stored  in  the  wheels  in  the  form  of  velocity,  sometimes  making  them 
•*spin"  so  violently  (when  steam  is  not  shut  off  soon  enough)  as  to  wear 
holes  in  the  rails  one-eighth  to  one-half  inch  deep.  This  spinning  is  not 
an  evidence  of  overloading,  since  (par.  483)  in  any  well-designed  engine 
letting  in  the  full  power  of  the  cylinders  will  in  any  case  give  a  greater 
tractive  enei^  than  the  wheels  can  transmit.  The  proper  course  when 
it  occurs  is  to  shut  off  steam,  let  the  drivers  come  to  rest,  and  start  more 
gradually.  If  engines  are  to  be  loaded  up  to  their  full  capacity,  only  the 
greatest  rare  can  prevent  this  phenomenon  occasionally  occurring,  and 
it  does  occur  constantly  in  practice,  in  starting  trains,  although  rarely 
when  in  motion,  except  when  the  train  is  almost  at  a  stand-still. 

530.  A  lone:  list  of  actual  performances  of  locomotives  in  ser- 
vice is  given  in  Table  13S.  and  from  this  and  the  further  data 
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below  it  is  clear  that  the  following  average  coefficiecits  of  adhe- 
sion may  be  assumed  with  sufficient  exactness  as  corresponding 
closely  to  the  results  of  American  practice.  European  practice 
(par.  537  and  Table  139)  shows  much  lower  ratios  of  adhesion : 

Mio.  0<Mul  on 
driven  =  1.00). 

I.  Ultimate  limit  of  adhesion  in  practice,  under  con- 
ditions in  all  respects  favorable,  and  with 
loads  per  wheel  exceeding  10,000  lbs.,    .    .    .  a.35  to  0.37 

3.  Working  limit  of  adhesion  when  sand  is  used,      .  (^)  0.33 

3.  Working  limit  of  adhesion  in  ordinary  summer 

weather,  and  maximum  limit  with  loads  of 

less  than  10,000  lbs.  per  wheel, (^)  0.25 

4.  Working  limit  of  adhesion  on  slightly  moist  or 

frosty  rail,  being  the  apparent  average  of  ad- 
hesion which  limits  the  weight  of  trains  in 
winter  (as  to  which  see  par.  632), (-|^)  0.20 

5.  After  the  wheels  have  once  slipped,  the  co- 

efficient rapidly  falls  (see  Table  112)  to  less 

than (^)  o.io 

531.  The  first  of  these  limits  was  realized  by  Zerah  Colburn 
as  early  as  1853,  and  with  light  locomotives  (10,000  lbs.  per 
driver),  in  his  still  famous  tests  on  the  Erie  Railway,  and  re- 
peatedly since.  In  a  large  number  of  recorded  instances  trains 
have  been  hauled  in  regular  service  which  demanded  nearly  or 
quite  one  third  adhesion,  but  only  as  exceptional  performances. 
A  long  list  of  notes  as  to  such  trains  might  be  given. 

532.  The  second  limit  (wlien  sand  is  used)  is  less  fully  deter- 
mined, but  various  dynamometer  records  of  the  effect  of  sand  to 
increase  tractive  power  indicate  that  it  increases  the  working 
limit  of  coefficient  to  about  \  under  all  conditions  of  track  or 
weather;  that  is  to  say,  it  makes  the  adhesion  on  a  bad  rail  as 
high  as  on  a  good  one.  On  a  good  rail  it  does  not  appear 
that  the  coefficient  of  adhesion  is  appreciably  increased,  but 
what  is  gained  by  the  sand  is  to  retard  the  tendency  to  slip. 
Direct  evidence  on  the  subject  is  scarce,  and  there  is  no  doubt  a 
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No.  of 
Record. 


I. 

s. 
3 
4 
5 

6 

7 
8 

9 
lo 

IX 

13 
XT 

M- 
«5 

i6 

>7 
i8. 

»9 

30 

31. 

33. 

»3- 
«4- 
as 

36. 
27- 

aS. 

»9. 
3© 
3«- 
3«- 

93- 

34 

35- 

36- 

37. 

3« 

39- 


Table 

Performance  op  American 

(Including  all  the  Records  of  Performance  given 

American 


Cvlin- 

dert. 

Inches. 


14  X33 

15x33 
16x34 


17x34 

%% 

»• 

«4 
18X34 


Wbight  of  Enginb. 
[All  Tons,  3000  lbs.] 

En- 
gine. 

Ten- 
der. 

On 
Drivers 

38.0 

34.0 

*• 

v.- 5 

39.5 

•> 

24  5 

ip.o 

31.0 

35.0 

30. 0 

330 

35.0 

31.5 

•* 

»4 

t» 

350 

35.0 

33  0 

.4 

«t 

it 

it 

«i 

t* 

it 

370 

36.0 
%% 

a4-5 
4* 

Tractive 
Power, 

Adhesion. 
Lbs. 


8,750 
kt 

9,500 

IO,OQO 
10,750 

4t 

11,500 
•  4 

it 

ii 

19,350 
44 


Character  of 
Performance. 


Single  performance. 


'*  **engiueerBsay.** 


Regular  (?) 

Single  perf.  **  with  ease.". . 

Regular  service 


it 


tt 


tt 


Second  trip 

Regular 

'•Frequently/* 

Regular'?)      

*•  No  difficulty." 

'*  Can't  exceed  10  m.  p.  h.*' 


Grade, 

Feet 

Per 

Mile.* 


ja-f-s 

4% 

53.8 

71.0 

937.0 

49.0 

65.0 

47-7 
70.0 

40  o 

63  9  +  a 
160.0 


*  The  additions  to  the  grade  in  this  column  are  an  allowance  for 

Ten-wheel 


16  X  34 

t* 

17x34 

18x34 


44 
4i 
it 
ii 
it 

ti 

tt 


19X34 
.t 


3«i5 

36.0 
44 

»?4' 

38.0 

36.0 
44 

»?4-5 

40.0 
44 

36.0 
44 

3?4-5 

it 

44 

it 

it 

it 

it 

it 

it 

it 

ii 

it 

it 

it 

it 

it 

it 

tt 

it 

43.0 
•4 

36.0 

.4 

33.0 
tt 

«3»55o 
.4 

«4.2So 


4. 
it 
it 


It 
It 

It 

16,000 
44 


"Have  taken." 

Pass,  exceed  30  m.  per  hoar 
Single  trip 

4.  4. 

Maximum  load  

Reifular       **     

•*  Daily  and  easily." 

44  44  44 

Maximum  Load 

*.  4i 

Usual  load 


ti 


*'  Have  pulled. 


tt 


48- 

-8 

53  H 

f-5 

77  H 

-3 

150- 

-19 

^id 

h  3 

694.4 

81 4- 5 

196 

76 

196 

7«4-6 

101  - 

-8 

Mogul 


16x34 

•  4 
it 
tt 

17X94 
ii 

it 
tt 

18X94 

4* 

ti 


35-5 

a5-5 

30.0 

it 

it 

it 

it 

ti 

It 

37-5 

255 

3«-5 

it 

ti 

it 

it 

it 

it 

39  0 

>4 

96.0 

3?t^ 

t« 

tt 

it 

•1 

15.000 

tt 
It 
ii 

»S»75o 
ti 

it 
It 

16,500 

»4 
tt 

tt 


**  Equiv*t  work  every  day." 

do.    (gained  speed  in  test) 

Regular  trains. 

Irregular    **  

*' Have  hauled." 

it  41 

Largest  regular  load 

Comparative  test 

"  Equal  serv.  every  day.".. 
Intended  as  daily  duty.     . 

4*  44  .4  44 

Momentum  grades,  reg.  ser. 


«3  +  « 

40.5 

53. 

ft* 

44± 

M 
70-4-6 

85  + M 

53 

60 

70 
53  — •! 
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LocoMOTtvis  \»  Practicb, 

la  ibe  CaUk^ue  of  Baldwui  Locomotive  Woriu.) 


a)  beloir  tlili  uble,  s 


;!:::::: 

- 

8" 

;;::::;; 

3: 

•4 

S:;::: 

MO 

•iS. 


Del.,  L. «  W'a. 

C4Fo([el.v(P«.) 
VtHigbioghcnr, 

B  ,  N.  V.  Jt  Pbll*. 


Si.  L.  A  San  Fno. 


S:; 


Lnadof 


loaded!! 
[Loaded 


(."I 


t  '•« 


SbarpiTUk. 
Wesiem  Ata. 
T.  H.  «  Ind-olia. 

E.  T.,  Vi.  A  Oa, 
B.  KfniuckT. 

F.  &  Ptre  Mara. 
Mo.,  K.  &  Tea? 

A  Talc.  (Chili). 
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Table  138. — 

Consolidation 


No.  of 
Record. 


40 

4t 
4a 

43 
44 
45 

46 

47 
48 
49 
50 
5« 
5a 
S3 
54 
55 
56 
57 
58 
59 
60 
61 
6a 
63 
64 
65 


Cvlln- 

ders. 

Inches. 


30x24 
44 
44 
4* 

44 
li 
4« 
44 
44 
«4 
14 
t» 
*4 
44 
•  t 
44 
t« 
44 
4t 
41 
44 
44 

ai  xa4 

44 
44 
U 


Wbicht  of  Engink. 
Tons,  aooo  lbs. 

En- 
gine. 

Ten- 
der. 

On 
Drivers 

45.8 

a6.a 

39  7 

54V^ 

86.0 
44 

44.0 

44 

44 

44 

(* 

a 

44 

44 

•  4 

44 

44 

44 

44 

«t 

«• 

44 

44 

44 

4* 

44 

«4 

14 

44 

44 

44 

•* 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

«4 

44 

4. 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

60.0 
44 

0.0 

44 

50.0 
44 

44 

t4 

44 

C4 

44 

44 

Tractive 
Power, 

Adhesion. 
Lbs. 


19,850 

aa.ooo 
44 

•  4 
4> 
44 
44 
44 
44 
44 
•4 
44 
44 
44 


•4 
44 

44 
44 
44 
44 

44 

25.000 

4. 

44 
44 


Character  of 
Performance. 


Grade. 

Feet 

Per 

Mile. 


Regular  serv  ice 

•  4  (4 

44  44 

do.  (fair  average  work.) 
44  44  44 

Regular  load 

Occasional  load 

Trial  irip 

Daily  service 

Using  sand 

Regular  service  (?) 

Maximum  load 

Usual  "     

Maximum    **     

Usual  "     

Maximum    **    

Usual  •*     

Average  of  5  years 

44  44  44 

Daily  service 

4.  44 

44  44 

44  44 

44  44 

44  44 

Maximum 


o-(-6 

96 

145  -|-  10 

116-- 10 
64 --28 

96-f-  »o 

44 

45  +  3 

171 

44 

23 

ia6 

44 

?? 

96 
130 

68.6 
67.6 

53-4 
105.6 

184.8 

316.8 


TIU  caboose  is  included  in  the  gross  loads  given  when  used  on  train,  although  not  in- 
cluded in  list  of  cars. 

The  assumed  ratio  of  adhesion  used  in  this  volume  (as  also  by  the  Baldwin  Locomo- 
tive Works)  is  Vj.  The  percentag^e  by  which  the  calculated  load  taken  from  Table  170 
exceeds  or  falls  below  the  computed  load  may  be  estimated  by  the  following : 

An  assumed  adhesion  of  \  would  increase  the  calculated  load  33)  per  cent. 

\      **      decrease 


41 


44 


44 


4« 


44 


(4 


44 


20 


i( 


4t 


The  principal  cause  of  the  fluctuations  between  the  actual  and  computed  loads,  how« 
ever,  lies  in  the  fact  that  the  reported  gradients  are  not  the  actual  de-facto  gradients  for 
operating  purposes,  but  are  increased  in  effect,  in  some  instances,  by  uncompensated  curva« 
lure  or  stopping-points  on  the  maximum  grade,  and  diminished  in  others  by  the  use  of 
momentum  to  assist  in  surmounting  them.  No.  8  (Kansas  Pacific)  and  No.  9  (M.,  K.  &  T.) 
are  conspicuous  instances  of  the  latter,  the  loads  reported  as  hauled  being  beyond  all 
probability  for  de-facto  grades  of  the  given  rate.  Nos.  2,  4,  10,  11,  14,  and  27  are  prob- 
ably less  conspicuous  instances  of  the  same  use  of  momentum  to  practically  reduce  grades 
below  the  profile  rate.  In  Nos.  27,  39,  61  this  was  expressly  stated  to  be  the  case,  and 
(the  length  of  the  grade  being  given)  the  corresponding  de facto  grade  per  mile  was  com- 


^. 
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Continued. 
Engines. 


Naof 
Record 


40 

4« 

4a 

43 

44 

45 

40    . . . . 

47 

48 

49 

SO 

5« 

5» 

53 

54 

55  •    •• 

56 

57 

58 

59 

60 

61 

6a 

63 

64 

65...     . 


Resist- 
ance. 

LlM. 

Per 
Ton. 


II.O 

44- 3^5 
66.71 

55r» 
42.85 
48.15 

36.18 

16.71 

55-73 
3^-79 
48  15 

.44-36 
57-24 
34-14 
33  76 
26.56 

48. 

78. 

128. 


Train-Load. 


Actual. 


No 
Cars. 


(82.0 
)90-3 

22 

26 

»s 
40 

33 
33 
47 
32 

•  • 

100 
35 

140 

100 

40 

35 
100 

30 
29 

30 
40 


7 
9 


Kind  of 
Load. 

>  Loaded  . .  \ 

Loaded  

Empties 

Loaded 


Tot.rd, 
inc.eng. 


it 


Empties. 


Load,  4-wh. . . 
4-wh.,  coal.... 

Empty  4-wh.. 
tt  tt 

Load,  4-wh... 
tt         tt 

.  •  * 

Empty  4-wh. . 

Load,  ^-wh. . . 

15-ton  load . . . 
tt         tt 

... 

Loads 


Loads.*... 


1720! 
1886  f 

438.4 
398.6 

405.2 

478 

375-7 

393-7 
xzoo 
264 

309 

"44 
445.5 
340.2 
610. 1 
458.8 
498  I 

445-5 
457.8 
392.8 
752 
776 
1005 
542 
318 
210 

254 


Accord- 
ing to 
Table 
170. 


Excess  of  Actual 
Load  ovbr  Table. 


Tons. 


1804 

496 
330 
394 
5»3 
456 

456 
840 
30a 
302 
i:;ao 
394 
394 
600 
600 
487 
487 
496 

384 
644 
653 
828 
520 
320 
195 
«95 


o± 

-58 

-3« 

9 

-35 
-80 
-62 
260 
-38 

7 
—  176 

52 

-54 

zo 
-141 

II 

-41 
-38 

9 
108 

"3 

177 

22 

-«.5 
16 

59 


Per 
Cent, 


— ".7J^ 

-  9.4^ 
a.33< 

-  6.6J< 

-17.4^ 

-«3  73< 

3i.o>f 

-12.6)( 

2.33< 

— «3.3^ 

13.  «3* 

-«3.7^ 

1.7J 
—23-5% 

2.33t 

-  8.4J< 

-  7.7^ 
2.4^ 

16.8^ 
i%.Z% 

21. 43^ 
4.2% 
o 

8.2]( 

30.3% 


Name  of  Road, 


Ph.  &  Erie. 

Dom  Pedro  IL 
Tyrone  Br., Peon 


»4 


Lehigh  ft  Susq. 
Lehigh  Valley. 

Missouri  Pacific. 

Cumb.  ft  Pcnna. 
tt  »* 

Central  N.  T. 
Lehigh  Valley. 


tt 
tt 
ti 
tt 


tt 
tt 
tt 
tt 
tt 
tt 


Chic  ,  Burl,  ft  O. 
tt  tt 

tt  tt 

Ate,  T.  ft  S.  Fi. 


tt 
tt 


tt 
t« 


puted  and  used  in  computations,  the  reduction  being  indicated  by  a  —  sign  in  the  column 
of  grades. 

On  the  other  hand,  most  of  the  instances  in  which  the  reported  performance  is  less  than 
Table  170  calls  for  are  to  be  explained  by  high  speed  or  by  uncompensated  curvature, 
except  under  Consolidation  engines,  where  the  character  of  the  trains  (chiefly  4- wheel  coal 
cars)  had  no  doubt  equal  or  greater  effect  to  diminish  the  load. 

CarYatnre  was  assumed  to  add  only  1  ft.  per  mile  (0.38  lb.)  per 
degree  of  curvature  up  to  10®  curves,  and  2  ft.  per  mile  per  degree  for  sharper  curves,  when 
expressly  stated  to  constitute  an  addition  to  the  grade,  and  this  addition  is  indicated  by 
the  sign  -|-  in  the  column  of  grades.  A  very  low  rate  was  assumed  in  order  that  the 
comparison  of  actual  and  theoretical  loads  might  be  more  certainly  trustworthy. 

From  the  above  table  we  may  conclude  tAa/  if  the  given  grade  be  the 
de-facto  grade  for  operating  purposes y  with  all  effects  of  curvature  and  velocity  elim- 
inatedy  an  assumed  adhesion  of  one  fourth  the  weight  on  drivers  and  a  rolling 
friction  on  tangent ^  at  1$  miles  per  hour,  of%  lbs.  per  ton  {the  latter  being  somewhat 
more  than  ample)  will  give  very  approximately  iwiL  safe  operating  load  in  regu- 
lar SERVICE. 

A  long  list  of  further  records  of  performance  the  writer  omits  to  save  space.  Quite  a 
number  of  them  show  more  than  %  adhesion  realized  as  an  average  of  long  runs,  but 
not  as  every-day  performances. 


^ai^*'.. 
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certain  deduction  to  be  made  from  the  apparent  gain  because  of 
the  increased  tractive  train  resistance  caused  by  the  sand  on  the 
rails. 

533.  The  third,  and  most  important  limit,  that  of  ordinary 
working,  is  warranted  by  the  all  but  universal  evidence  of  mod- 
ern experience,  as  sufficiently  proved  by  Table  138,  which  gives  a 
long  record  of  actual  performances  with  locomotives,  taken  chiefly 
from  the  very  abundant  data  given  in  the  catalogue  of  the  Bald- 
win Locomotive  Works,  and  including  all  the  records  therein. 
The  ratio  of  \  is  used  by  them  as  the  basis  for  computing  the 
table  of  capacity  on  various  grades  given  in  their  catalogue,  and 
thus  in  a  measure  guaranteed  by  them,  and  the  high  character 
and  great  experience  of  that  firm  entitles  this  fact  to  far  more 
than  the  usual  weight  which  would  be  accorded  to  manufac- 
turers* evidence. 

534.  Many  causes  combine  to  make  the  apparent  indications 
of  practice  very  variable.  One  of  the  most  important  is  that 
the  nominal  ruling  gradient  is  not  the  real  or  "virtual"  one, 
being  in  some  cases  higher  than  the  virtual  grade,  because  the 
ruling  grades  are  short  and  surmounted  in  part  by  momentum  ; 
and  in  others  (and  far  more  commonly)  lower  than  the  ^virtual 
grade,  because  of  the  necessity  of  stops  on  unreduced  gradients, 
or  of  unreduced  curvature  on  the  ruling  grade,  thus  materially 
increasing  the  nominal  maximum:  so  that  if  we  assume  the  grades 
of  the  profile  to  be  the  virtual  grades,  the  trains  hauled  will  ap- 
pear to  be  only  such  as  are  due  to  \  adhesion,  or  even  less. 

On  very  low  gradients  this  is  especially  true;  and,  moreover, 
another  cause  comes  in — the  difficulty  of  starting,  making  up, 
and  handling  very  long  trains.  From  this  it  results  that  we 
•""•y  rarely  indeed  hear  of  trains  being  hauled  on  very  easy 
grades  such  as  are  beyond  all  question  within  the  power  of  the 
locomotive  under  conditions  which  are  as  fair  actually  as  they 
are  nominally.  But  when  these  errors  are  eliminated  it  will  be 
found  that  in  all  cases,  in  good  American  practice,  the  actual 
ratio  of  adhesion  is  |,  whenever  it  is  attempted  to  load  the 
engines  to  their  full  capacity. 
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535.  The  fifth  ratio  of  adhesion,  |,  apparently  applies  to 
winter  loads,  and  will  actually  give,  in  most  cases,  the  loads 
which  are  hauled  in  practice  in  winter.  It  is  usually  assumed 
that  this  difference  is  due  to  the  fact  that  the  ratio  of  adhesion 
is  less  in  winter  than  in  summer,  but  it  appears  probable  tliat  in 
reality,  as  we  shall  see  (par.  632),  it  is  due  to  an  increase  in  the 
rolling  friction,  both  because  of  greater  axle  friction  and  because 
of  the  poorer  condition  of  the  track. 

536.  In  the  former  edition  of  this  treatise  \  instead  of  \  was  as- 
sumed as  the  ordinary  working  ratio  of  adhesion.     This  was  deduced 

Table  139. 

Comparative  Ratios  of  Adhesion  of  American  and  Foreign 

Locomotives. 


Ratio  op 

Adhesion. 

CONDmONS. 

Foreign  Engines. 

American  Engines; 

Maximum  at  slow  speeds  and  under  favor- 
able conditions 

i  or  0.25 

j     lor  0.20  to 
(     Joro.17 

\  or  0.14 

i  or  0.33 

i  or  0.2s    . 
i  or  0.20 

WorkinflT  maximum • 

Ordinary  aooarent  adhesion 

Many  European  engineers  assume  f ,  or  even  less ;  but  many  American  engineers,  in 

like  manner,  assume  \. 

From  a  sununary  by  Mr.  O.  Chanute,  in  "  Haswell's  Pocket-Book,"  we  may  abstract 

the  following  data  as  to  early  and  European  tests  of  adhesion  : 

Ratio  of  Adhesion. 

Mr.  Wood  on  early  English  railway,  (per- J  Sl^i^ij  ^^^^y^^^^^^^^  VA 

baps  the  earliest  tesu  on  record) "j  Vcry  greasy  ra.ls        . ! ! ! ! ! . . ! . !  o!^ 

B.  H.  Latrobe  on  B.  &  O.  R.  R.   1838 Safe  working  limit 0.13 

^  Maximum  0.30 

Minimum o.ii 

Soemmering  line 0.16 

Italian   Alpine   road,   subject    to    frequent     "     ' 
mists. 


Maximum  tn  open  cuttings o.  13 

Maximum  in  tunnels o.  10 

o. 105  » 

0.30     \ 


French  experiment)!.  1862-67  by  Messrs.  Vuil- 
leaia,  Gucbhard,  and  Dieudonn^ 


Dry  weather 

Damp  weather 

Wet  weather \  °  °7 

0.164 

Lig^ht  rain 0.09 

Ram  and  fog    0.14 

.  Heavy  rain o.  10 


aiss 


o  13a 


The  last  records  are  of  dubious  value.  Mr.  Chanute  gives  a  table  of  average  European 
aad  American  practice,  which  differs  somewhat  from  the  above,  but  seems  open  to  ques* 
tion  in  several  details. 
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br  ootnpduisoQ  of  the  actnal  loads  hanlrd  oo  Tarioos  Bocninal  glides  b^ 
the  same  engine.  Besides  the  causes  just  mentSooed,  boverer.  vhidi  tend 
to  make  this  prx^ess  inaccurate,  vithin  the  niae  jcars  from  1S76  to  1885 
a  Terr  grear  change  has  taken  pUce  in  the  average  traia-loads  hauted  on 
American  railvays.  as  shovn  in  Tables  50  to  3^  and  others^  Mocii  dt, 
this  is  doe  to  the  xtse  of  heavier  er^'ses*  but  a  great  part  of  it  is  due  to 
preater  care  to  load  engines  to  their  full  capaotr. 

537.  The  adheskxi  of  English  and  other  foreign  locooiothres  is  Ofdi* 
nari'y  stated  at  less  than  of  American  br  a  considerable  pcnxatage 
Table  159  approximaies  dosdj  to  ibe  di^erence  which  appears  to  exist. 
H  yw  much  of  this  represents  an  actual  diference  of  capaciiT,  and  bov 
Rtuch  ts  dae  merelj  to  di^ereace  of  adcimistraiioQ.  ii  voojd  be  impos- 
s  bte  LD  say :  but  there  is  no  room  for  doubt  o;  the  fact  that  forcigift 
eng-'nes  haul  I.gliier  trains,  as  a  nile.  than  AmericsLn  canines  of  the 
same  veigbt.  or  thai  European  engineers  srate  ihe  lim^  01  tbev.iwi- 
bes:o3  «i  less  than  th«i  given   by  Americaa  engineers  lor  Americaa 

enc'-cs^ 

538.  I:  ve  :nay  assume  thai  the  Imds  hau'ed  by  the  same  ci^uk  oq 
any  t»o  grades  are  m^'tc^^t  cn!y  by  the  c;ser>snoe  iu  the  grades  (vhich 
ordi-anly  we  cann-x.  exzept  v^ery  apoc^xlmate.-.  \.  »e  aiy  at  oooe  deter* 
m  ne  from  th-  records  of  these  loads  the  roliir^  frictioa  and  ratio  of 
aches: ;-n,  as  follows. 

Let  L  Asi  L  =  ibe  ^ross  ks^ad  lacl'DdL*g  its  cwa  vcif^'  h&=jed  br  iIk  SHse 
CQ^ae  oa  ary  ;wo  gr^a^ics.  /  ini  f . 

Lee  X  =  :be  tccil  resiscksre  per  idq  cg  ibe  Icwes;  ^rai*  r.  J»d  J  =:  tihe  dtf- 
fereace  :a  res2ssar>ce  per  :ra  oe  cr^ies  f  xr>i  /    ^eir^:  th*:  j=»e  to 
axKi  eqz&I  is  ibc  res=sLi=«  :rc=  ST^^-^J  «=  *  graie  ci^  —  ^ 


Ra&o  of  albessr^    = 


/••  x^rtf 'i 


:o  be  *rcepc^i  as  rcl-At^e  en  y  w.ih  *r^i:  rjLi::  .—       1:  :be  rrjwiid 
k>«-gr«ie  xsais  Are  roe  $=iJ-  as  ibey  ss^^lly  atc,  -^^  e*?c:  w~^  *«  to 


OmiBg  <±k£T  to  *c«Dc  cisisierprete-i  expenaeais  Bade   ia  Fi 
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jome  years  ago  by  a  M.  Rabeauf,  a  chief  engineer  of  the  Corps  des  Ponts  et 
CkaussAs,  there  has  for  some  time  been  some  available  authority  to  show  that 
there  may  be  such  a  thing  as  *'  imperceptible*'  or  continuous  slip  in  the 
driving-wheels  of  locomotives  in  motion.  Such  a  thing  is  really  impossible, 
bat  the  impression  that  it  occurs  has  become  widespread,  and  mere  assertions 
in  support  of  it,  or  allusions  to  it  as  a  well-known  fact,  exist  without  number. 
The  experiments  referred  to,  from  which  this  whole  imaginary  discovery  seems 
to  have  originated  were  described  in  a  paper  in  the  Annales  du  GMe  Civil 
(1876).  in  which  the  record  was  given  of  tests  of  a  fast  passenger  engine  for  the 
Northern  Railroad  of  France,  having  four  coupled  drivers  6  ft.  10  in.  diameter, 
carrying  26^  tons  on  a  grade  of  0.5  per  cent  (26  ft.  per  mile),  with  good  rail  and 
weather,  and  121  lbs.  per  square  inch  boiler  pressure.     The  report  continues: 

"  Under  these  conditions  the  locomotive,  which  was  tested  alone  (hauling 
no  train  behind  it),  attained  a  speed  on  the  down  grade  of  74^  miles  an  hour, 
corresponding  to  303  revolutions  of  the  drivers  per  minute.  Now,  the  regis- 
tered number  of  revolutions  was  360,  corresponding  to  88.8  miles  per  hour — ^a 
slip  of  19  per  cent. 

**  Surprised  at  these  results,  the  writei*  repeated  the  same  observations  on 
a  certain  number  of  locomotives  of  different  types,  comparing  the  speed 
with  the  revolutions  of  the  drivers.  It  was  generally  found  that  the  slip  was 
slight  on  an  up  grade,  but  very  apparent  on  a  down  grade,  ranging  from  13  to 
35  per  cent.     It  increased  rapidly  with  the  speed." 

This  evidence  appears  pretty  conclusive,  especially  as  other  articles  and 
paragraphs  to  the  same  efifect  have  appeared  from  time  to  time,  accompanied 
by  various  reasons  why  the  centrifugal  force  of  the  counterweights,  and  what 
not,  must  have  the  effect  of  producing  it. 

540a  As  a  result  of  these  tests  it  was  concluded  that  "  common  locomotives*' 
were  "actually  unsuited  for  speeds  of  60  to  75  miles  per  hour,"  because  the 
slippage  was  as  much  as  20  per  cent.  In  a  specific  instance  (the  Uetliberg  road) 
referred  to  in  the  paper  it  was  said  that  on  grades  of  7  per  cent  (370  ft.  per 
mile;  less  by  i  per  cent  than  is  now  successfully  operated  in  Colorado,  and  less 
by  3  per  cent  than  was  successfully  operated  on  temporary  lines  by  the  late 
Benj.  H.  Latrobe)  "the  slip  of  the  driving-wheels  was  found  so  considerable 
that  the  gear  system  was  found  more  economical,"  in  spite  of  the  slow  speed. 

54L  On  the  other  hand,  tests  of  various  American  passenger  locomotives  at 
speeds  at  from  75  miles  per  hour  down,  made  by  Prof.  Chas.  A.  Smith,  Mr. 
Albert  F.  Hill,  and  Messrs.  Henry  Abbey  and  Oscar  H.  Baldwin  (see  Engineer' 
ing,  Aug.,  1885),  to  mention  no  others,  have  uniformly  indicated  that  no  such 
phenomenon  occurs  with  American  locomotives  under  any  circumstances. 

There  is  an  undoubted  possibility,  so  far  as  this  evidence  alone  is  concerned, 
that  the  phenomenon  might  not  occur  with  American  locomotives,  and  might 
occur  with  differently  constructed  foreign  locomotives;  but  in  addition  to  the 
grave  reasons  for  questioning  the  physical  possibility  of  the  assumed  phenom- 
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CflKxi.  as  beiog  contrarr  to  what  b  known  in  other  wars  of  the  laws  of  ftictioa, 
it  is  ooc  diificuU  to  see  how  the  alleged  Slipping  maT  hare  occuifcd  and  jeC 
hare  hcea  in  no  respect  **  imperceptible'*  slip,  nor  different  in  anj  way  froai 
offdinarr  slipp:ng,  which  is  percepiib>  enough. 

542*  When  a  locomotive  is  only  moiing  itself,  especial !r  if  mnniqg  down 
a  grade,  and  so  having  little  work  to  do.  and  when  all  possible  power  is  pot  oo 
to  mn.  in  literal  truth  "  as  fast  as  the  wheels  can  turn."  whether  the  wheels  are 
slipping  or  not  will  make  no  very  conspicuous  difference  in  their  speed  of  ieTO> 
lutioo:  while,  on  the  other  hand,  the  work  required  of  the  locomotiTC,  simply 
to  keep  up  speed,  will  be  so  small  that,  when  the  wheels  once  begin  to  slip,  the 
loss  of  power  will  not  be  so  great  as  to  prevent  the  acqairement  and  mainte- 
nance of  very  high  speed,  although  they  will  coniinoe  to  s':p  indefinitely,  never- 
theless. On  the  other  hand,  with  a  train  of  even  one  car  behind  the  engine  no 
hi<h  speed  couVi  probably  be  maintained  under  such  conditions,  for  the  mini- 
mum power  to  maintain  the  speed  would  then  be  so  great  that  the  speed  woold 
te  immediately  checked,  and  make  it  clear  to  the  senses  that  the  wheels  were 
slippcs;.     Whenever  the  locv»motive  was  running  up  any  considenble  grade  it 

:ld  be  still  less  possible:  and  the  cautious  5:jL:er::eri  quoted  abore,  that  it 
"generally  found  **  that  "  the  slip  was  sligh:  *~  on  an  cp  grade,  pvohably 
that,  as  a  matter  of  fact,  no  absolute  evidence  of  any  sl:p  was  detected, 
or  tbe  Sjiures  for  it  would  have  been  given. 

M3«  To  xaake  the  true  eiplinailon  o:  ihe  r"::encn2enoa  dearer:  Suppose, 
when  tae  wheels  oe  a  :re:gh:  erg-ine  were  sMrp :".^.  wir  le  •:  was  standing  stilU 
tha:  ihe  eagtne  were  sincpljr  unccsipled— :ns:eau  o:  <>-::.r^  ^-J  sieam  in  the 
essal  fashion  If  the  gtadcs  went  nv-:  tvV*  urfar^'-iM?  :be  ?rj:ine  wonld  prob- 
aKy  siin  abeai  the  wherls  s:  1  s"  Fr  "«l-  -'^""'^  ■  '^  •  *^  <::fAni  were  pet  on,  on 
a:av.>rab>  io«n  jr"Aie  a  ttt.v  :\  oi  "  *4?  "*  Is^  r<r  y. -r~  n*f-hi  possibly  bt 
otca  ne<*.  wi:h  an  **  :-rperv>rr:  r>  5:.r~  vi  ^^^  rvrr  v-rnt.  Thr-je,  or  something 
j:ke  ibese.  are  r.'v^biayv  the  cv-^.-.' —s  Arc  :*?  v^-lv  Ov^n- :  ns^  uc<'.er  which 
tbe  piseooffieroe  bjL5  cTrr  Nfen  or^«.  *t\:  a  u  ->.?i  cvvrsrv^  i  :o  roihEng  in  the 
wvc*^  e vires- es  o:  rrac:  .V.  v^'>«f*A:  -^  T.-e  or  y  :t  ••,:  :-jl;  >  rr.-^red  by  sa^ 
■"  ;eais"*  as  lia:  even  if  :be  «he^l#  a:i?  s>  :^p  :'r<  i.*.  v-^rcirar^k  :jisiN?n  tSsey  wiD  ktt 
hari  eacs;^  afa.n$^  ti:e  tAhIs  u*  nrjLJkC  a.-.  u-j:..-vac<m  er^.-^e  SE^te  «2own  a  gtadt 
a:  a  Terr  'ivev  ;*ace:  which  illastrates  how  easy  i:  » to  draw  wror^  coochsmis 


cvf  lb*  looocsXive  :^^  rxxi  S  the  .rwssurf  . :  :  v-  *  v>fl<  o.-r  the  rail  is  con- 
siierabk-tr.  irvi  rtoeciilly  vvr.  b:  v:j:r$  \vt>  v;v  -.jl  :.  tu:  as  nespecis  its 
ecect  c«  ibe  Aibcsioc  ::  ss  >«  ir^v^^j^nt.  ::  indv'xrvi  •:  cju:  be  said  to  be 
oc  irry  i=a;>xxai»ce. 

iecipc%xaz>£$  pAits.  Jt=^  :h^  v^t-xr:::  $«f.,oo?  i  >:ur*»rc*  of  i|ie 
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Fig.  io8. 


motion  of  the  engine.  They  are  either  cast-iron  weights  between  the 
spokes  of  the  drivers  or  lead  poured  into  hollows  in  the  wheel-centre» 
and  have  the  effect  to  make  the  wheel  lop-sided.  When 
the  counterweights  are  in  the  position  a.  Fig.  108,  their 
centrifugal  force  will  be  so  much  added  to  the  weight  car- 
riec)  by  the  wheel,  and  increase  its  pressure  on  the  rail  by 
so  much.  When  they  are  in  the  position  a\  at  the  top  of 
the  wheel,  the  centrifugal  force  will  decrease  the  pressure 
on  the  rail.  When  they  are  in  the  position  b  and  V  the 
centrifugal  force  will  have  no  vertical  effect. 

As  respects  freight  engines,  especially  when  the  engine  is  working 
hard  enough  to  be  in  any  danger  of  slipping  the  wheels,  the  speed  is 
ordinarily  so  slow  that  the  centrifugal  force  of  the  counterweights  is  all 
but  imperceptible.  As  respects  passenger  engines,  the  counterweights 
can  at  worst  exert  no  appreciably  injurious  effect  upon  the  adhesion,  for 
the  reason  that  the  possible  boiler  tractive  power  decreases  with  speed 
very  much  faster  than  it  can  be  diminished  by  any  possible  effect  of  the 
counterweights. 

545t  But  while  this  phenomenon  has  no  measurable  effect  upon  the  adhe- 
sion, and  is  not  likely  to  have  a  very  serious  effect  upon  the  track,  it  may  and 
does  have  such  effect  on  bridges.  The  sharp  variation  which  takes  place  in 
the  load  on  the  rails  has  no  effect  on  the  riding  of  the  engine,  since  it  does  not 
act  through  the  springs.  But  it  does  give  to  the  rail  what  has  been  not  inaptly 
termed  a  "hammer-blow;"  and  its  effect  on  bridges  (especially  on  over  light 
bridges;  see  Chap.  XXIII.)  is  visi- 
ble in  the  striking  diagrams  repro- 
duced in  Figs.  109-116,  which  show 
how  very  greatly  the  oscillations 
of  bridges  are  increased  when  the 
period  of  revolution  of  the  drivers 
happens  to  coincide  with  the  period 
.of  oscillation  of  the  bridge. 

Figs.  109-1 16  are  from  observations 
or.  the  vibration  of  bridges  by  Prof.  S. 
W.  Robinson.  They  show  the  vertical 
and  lateral  vibrations,  of  the  panel 
point  nearest  the  middle  of  its  lower 
chord  during  the  entire  passage  of  the  '^ 
train.  Fics.  109,  no.— Errncror  Pas^agk  of  Fast  Pas- 

TK4.  •ir%«^«r  Un*      A  Ji    ekowe    tha  VAr.  SENGKR  TrAINS  (4O.8  AND  42. X   MiLKS  HKR  HoUK) 

The  upper  hne,  AB,  shows  the  ver-  ^^^^  Through  Prai-t  Truss,  148  Ft.  Span. 

tical  movements,  and  the  lower  one, 
ifiV,  the  lateral  movements.    The  lowest  one,  A'y^  is  a  line  of  reference.    As  a  train 
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thii  axtnme  deprtnioD,  lodicalei  clearlj  that  ihe  latter  ii  a  dynamic  effect,  tbc  suddea 
depremia  caiued  b;  Ibe  entrance  of  the  load  letting  the  bridge  in  motion  downward  Mt 
quickly  that  Iti  monMntum  cairiet  it  down  far  below  what  ereo  much  greater  static  Mraini 
ate  able  to  maintain.  II  is  probable  that  bridges  of  longer  span  and  greater  weight  would 
show  this  eSect  much  lei*  markedlj. 

The  length  of  train  and  also  a  scale  (on  the  right  line  between  A  and  B)  on  whldl  tba 
rcmhition*  of  the  diiTcn  ai«  indicated  hat  been  added  10  the  originals. 

It  wlU  be  seen  that  in  every  instance  the  vibrations  of  grealeet  magnitude  are  almost 
exactly  synchronous  with  Ihe  drivers'  revolutions,  but  as  Ihe  vibraiions  decreased  tbey  be> 
coma  IcM  so,  and  when  the  vibrations  become  a  mere  wavy  line  there  is  no  observable 
connection  whatever  with  the  driven'  levolullons. 

Tlie  difference  in  the  effect  of  passenger  and  freight  trains,  or  of  different  construc- 
tion and  speed,  as  shown  by  comparing  Figs.  iij-i6  with  Figs.  109-10,  is  very  nollceaUe 


THE  LOCOMOTIVE  BOILER. 

546.  To  bum  more  than  80  lbs,  of  coal  per  square  foot  of  grate  per 
hour  b  sure  to  decrease  the  efficiency  of 
combustion,  although  as  much  as  loo  lbs. 
may  be  burned  under  favorable  conditions, 
with  fair  economy.  When  combustion  is 
pushed  beyond  this,  as  it  not  unfrequently 
is,  sometimes  even  so  far  as  to  apparently 
double  it,  it  is  all  but  certain  that  a  lai^e 
proportion  of  the  additional  coal  supply  will 
be  ejected  at  once  from  the  smoke-stack, 
unconsumed.     As  much  as  20  per  cent  of 

the  entire  coal  put  into  the  fire-box  has  Fio.  117.— Lump  or  UNcoNsuHaD 
been  actually  caught  in  the  smoke-boi.  and  ijm>D'^r«iw''TB«''sMo«MTA"ic 
it  is  quite  certain  that  when  more  than  130  "^h"  Folcs"  ^™"""""  """ 
to  150  lbs.  per  square  foot  are  "burned"  thbouoh  thi  Ohh  Wthdow  n 
nearly  the  whole  of  the  excess  of  supply  is  {This  lump  wii  picked  up  bv  mV. 
thus  ejected  (see  Table  146).  Fig.  117.  with  S'.°X^''Si;"hV'''Th  "m^l  Ik" 
its  accompanying  note,  gives  a  rather  exag-  JJJJ  tEKi"but'''ii(irh?iT**No*J»rmr 
genited  instance  of  what  is  continually  tak-   lump,  perhaps,  could  tie  found  wlih 

r         ,  _,  .        ,  1  -       •ufh   a    record,    but    lanumerable 

ing  place.  The  mmimum  waste  of  coal  in  msiieranes  The  lumij  wu  n»r- 
thi,  -ay  i.  probably  ;  ptreenl.  ^piS'".,.;;,,'^)}' IS.'tS 

M7.  The  ordinary  evaporation  of  water   Xnn  more'eMl'"  eMrriTd"'oui   by 
per  pound  of  coal  burned  is  hardly  more   j^'uic^r™')''"''"'''''  ''"^'"  "'' 
ttian  6  lbs.  in  this  country,  and  sometimes 
only  S  Ihs.,  or  even  less,  although  it  rises  to  8  or  9  lbs.  in  some  cases. 
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The  U>we«t  raus  of  craporation  occtir  with  the  highest  rates  ol 
combo^tion^and  vu£  vtrsa;  and  ordinarily  it  is  not  pv\55sible  to  evaporaM 
more  than  600  lbs.  of  water  per  square  foot  ot  gr^r.e  per  hoar  .sat  80  lbs. 
coal  X  ?♦  Iba.  cvaporatioo  ratio,  or  100  lbs.  x  6   for  any  len^rth  oi  time. 
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More  may  be  done,  but  it  cannot  be  relied  on,  and  500  lbs.  of  water  per 
square  foot  of  grate  would  come  nearer  to  a  moderate  working  maximum. 

548t  The  ordinary  load  on  drivers  per  square  foot  of  grate  ranges 
from  2500  to  4000  for  ordinary  types,  as  shown  in  Tables  127-130;  3000 
lbs.  being  rather  low  for  passenger  engines  of  the  American  type  and 
for  Consolidation  engines,  and  4000  rather  low  for  Mogul  and  Ten-wheel 
engines.  The  larger  proportion  of  grate  surface  in  the  Consolidation 
type  may  be  considered  as  in  part  a  concession  to  the  difficulty  in  firing 
such  engines. 

549>  The  steam  used  in  the  every-day  working  of  locomotives  (in* 
eluding  the  entrained  water  carried  along  with  the  steam  mechanically)  to 
do  33,000  ft.-lbs.  of  net  effective  work  ♦  is  somewhat  under  3olbs.,  never, 
probably,  running  very  much  higher  than  that,  and  rarely  quite  as  low 
as  to  25  lbs.,  even  under  the  most  favorable  circumsumces;  that  being 
the  lowest  fair  assumption  for  steam  used  at  slow  speeds  on  long  grades 
or  at  other  specially  favorable  points,  except  that  for  very  short  distances 
considerably  more  than  that  may  be  shown,  owing  in  part  to  drawing  on 
the  small  reserve  of  power  in  the  boiler  (par.  553  and  Table  144). 

550e  Then,  as  the  production  of  steam  is  600  lbs.  per  square  foot  of 
grate  per  hour,  and  the  consumption  per  horse-power  per  hour  is  rarely 
better  than  25  lbs.  and  often  much  worse,  we  have  ^ff-  =  24  horse-power 
as  the  maximum  ordinary  capacity  of  one  square  foot  of  grate  area. 
Tables  146  and  147  will  indicate  that  this  is,  on  the  whole,  a  rather 
favorable  showing  for  what  can  be  actually  realized.  But  to  determine 
the  very  hij^liest  maximum  which  can  be  claimed  in  the  way  of  locomo- 
tive performance,  we  may  appropriately  refer  to  Mr.  Wm.  Stroudley's 
paper  on  the  locomotive  performance  of  the  London,  Brighton  &  South 
Coast  Railway  (Trans.  Inst.  C.  E.  1885),  where  we  find  that  an  average 
of  about  600  indicated  horse-power  was  maintained  for  6  or  8  miles  in 
succession  by  an  engine  with  17.04  square  feet  grate  area,  with  an  aver- 
age horse-power  for  the  whole  run  of  50  miles  of  528.5,  corresponding  to 


Indicated  H.  P.  per  sq.  ft.  grate 


600  .,  T^ 

maximum  —  =  35.3  H.  P. 
17        ^^  ^ 

5?8.5 
average  ^ — =  =  31.1 


Net  effective     "  "  "         (10  per  cent  less),  say,  32  and  28  H.  P. 

In  round  figures.  30  effective  horse-powers  per  square  foot  maybe  said 
to  be  the  ultimate  limit. 

551.  The  horse-power  which,  if  it  could  be  produced,  might  be  trans- 

*  For  one  hour. 
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Table  142. 

HoKSB- POWER  OF  Net  Effective  Work  required  to  be  Continuously 
Generated  Per  Square  Foot  of  Grate  Area  to  FULLY  utilize 
THE  Entire  Tractive  Force  of  Various  Engines  at  Various  Ve- 
locities. 

Adhesion  assumed,  \,     Reduce  by  one-fifth  part  to  correspond  to  \  adhesion. 


Pounds  on  Dkivbrs 
pBit  Squakb  Foot  or 

HORSB-POWBR  TO  BB  SUPPLIBD  PbR  SoUARB  FoOT,  AT 

Vblocitibs  in  Milbs  Pbr  Hour. 

Gbatb  Area. 

10 

15 

20 

30 

40 

SO 

SfOOO 

Minimum 

«3-33 

ao.o 

a6  67 

40.0 

53-33 

66.67 

t,5(» 

for 

16.67 

•50             33-33 

50.0 

• 

66.67 

83.33 

3*000  J 

American  engines. 

ao.oo 

30.0             40.00 

• 

60.0 

80.00 

100.00 

3*500 

Freight  types. 

"3 -33 
96.67 

35.0 

:    46.67 

• 

70.0 
80.0 

93  33 
106.67 

S16.67 

4,000 

40.0 

53-33 

»33.33 

4^500  , 

30.00 

45.0 

60.00 

90.0 

lao.oo 

150.00 

The  black  line  marks  the  limit  at  which  it  ceases  to  be  phjrsically  possible,  under  the 
most  favorable  circumstances,  for  the  boiler  to  produce  sufficient  steam  to  utilize  the  full 
adhesion,  allowing  jo  horse-power  per  hour  per  square  foot  of  grate  (an  ordinary  maximum 
being  24  horse-power)  and  for  \  adhesion.  To  add  a  similar  line  corresponding  to  \  ad- 
hesion, draw  the  line  at  37.5  horse-power  instead  of  jo  horse-power,  as  indicated  by  dotted 
line,  making  little  change. 


992t  There  is,  however,  one  more  resource  for  eking  out  deficiency 
of  boiler  power — to  draw  upon  the  reserve  in  the  boiler  itself,  either  by 
pumping  in  no  feed  water  for  the  time  being,  or  by  allowing  the  pressure 
to  fall  somewhat  while  the  excessive  demand  continues,  or  both. 

Neither  of  these  resources  amounts  to  much,  although  both  assist  very 
slightly.  As  respects  variations  of  pressure ;  as  the  pressure  of  steam  rises 
or  falls,  the  sensible  temperature  of  the  steam  rises  or  falls  very  rapidly. 
but  the  total  heat  per  pound  of  steam  is  little  aflfected — so  little  that  the 
total  heat  was  at  one  time  supposed  to  be  constant  for  all  pressures.  This 
is  shown  in  Table  143,  on  the  following  page  : 

993t  A  very  small  excess  of  demand  for  steam,  therefore,  will  cause 
the  pressure  to  fall  very  rapidly,  and  as  there  are  only  20  to  30  lbs.  of 
live  steam  stored  in  the  boiler  at  any  one  time,  what  is  gained  by  letting 
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Fig.  108. 


motion  of  the  engine.  They  are  either  cast-iron  weights  between  the 
spokes  of  the  drivers  or  lead  poured  into  hollows  in  the  wheel-centre* 
and  have  the  effect  to  make  the  wheel  lop-sided.  When 
the  counterweights  are  in  the  position  a,  Fig.  108,  their 
centrifugal  force  will  be  so  much  added  to  the  weight  car- 
ried by  the  wheel,  and  increase  its  pressure  on  the  rail  by 
so  much.  When  they  are  in  the  position  a\  at  the  top  of 
the  wheelp  the  centrifugal  force  will  decrease  the  pressure 
on  the  rail.  When  they  are  in  the  position  b  and  V  the 
centrifugal  force  will  have  no  vertical  effect. 

As  respects  freight  engines,  especially  when  the  engine  is  working 
hard  enough  to  be  in  any  danger  of  slipping  the  wheels,  the  speed  is 
ordinarily  so  slow  that  the  centrifugal  force  of  the  counterweights  is  all 
but  imperceptible.  As  respects  passenger  engines,  the  counterweights 
can  at  worst  exert  no  appreciably  injurious  effect  upon  the  adhesion,  for 
the  reason  that  tl*e  possible  boiler  tractive  power  decreases  with  speed 
very  mucii  faster  than  it  can  be  diminished  by  any  possible  effect  of  the 
counterweights. 

545t  But  while  this  phenomenon  has  no  measurable  effect  upon  the  adhe- 
sion, and  is  not  likely  to  have  a  very  serious  effect  upon  the  track,  it  may  and 
does  have  such  effect  on  bridges.  The  sharp  variation  which  takes  place  in 
the  load  on  the  rails  has  no  effect  on  the  riding  of  the  engine,  since  it  does  not 
act  through  the  springs.  But  it  does  give  to  the  rail  what  has  been  not  inaptly 
termed  a  "hammer-blow;"  and  its  effect  on  bridges  (especially  on  over  light 
bridges;  see  Chap.  XXIII.)  is  visi- 
ble in  the  striking  diagrams  repro- 
duced in  Figs.  109-116,  which  show 
how  very  greatly  the  oscillations 
of  bridges  are  increased  when  the 
period  of  revolution  of  the  drivers 
happens  to  coincide  with  the  period 
.of  oscillation  of  the  bridge. 

Figs.  109-116  are  from  observations 
or.  the  vibration  of  bridges  by  Prof.  S. 
W.  Robinson.  They  show  the  vertical 
and  lateral  vibrations,  of  the  panel 
point  nearest  the  middle  of  its  lower 
chord  during  the  entire  passage  of  the 
train. 

The  upper  line,  AB^  shows  the  ver- 
tical movements,  and  the  lower  one, 
MNy  the  lateral  movements.    The  lowest  one,  A'y^  is  a  line  of  reference.    As  a  tiain 
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Figs.  109,  no.— Effkct  of  Pas^agf  of  Faut  Pas* 
SENGF.K  Trains  (40.8  and  43.x  Milks  per  Houm) 
OVER  Through  Pratt  Truss,  148  Ft.  Spah. 
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Table  143. 

WnGRT  OF  AND   HkAT  DC  StEAM  AT  VaUOUS 


Lbs.  per 

•a.  ia. 

aboTC 

atoMMpbere. 

HsAT'Cwm.* 

Wcifte 

cu.  It 

LbiL 

Sensible. 

Total 

O 

212.0 

II78.I 

.038 

SO 

259-3 

II92.5 

.086 

50 

23l.O 

1199. I 

.120 

ICO 

333.0 

1216.5 

.263 

120 

350.1 

1220.2 

.308 

140 

361.0 

1223.5 

•350 

160 

370.8 

1226.4 

•393 

Full  tables  {C^ng:  these  properties  of  steam  for  each  point  of  pressore  will  be  found 
In  r>.  K.  Clark's  "  Manual  for  Mechanical  Engineers,**  and  in  many  other  treatises.  The 
pTM^iir^s  f^iven  above  the  atmosphere  should  be  aj  lb.  greater,  and  the  total  pressure 
mfA!«urH  frrmi  a  vacuum  15  lbs.  greater.  These  figures  rest  purelj  00  eqieriineiit,  firaoi 
which  accurate  formube  have  been  deduced. 

Table  144. 

AvAflAfILK   EnRROY   IN   H RATED   WaTER   AND  STEAM  OF  LOCOMOTIVX 

Boilers, 

fliifwfM>n  nrtrmnl  t«>mfi^r«turff  of  steam  and  313*  Fahr.,  or  that  available  in  case  of 
#t|tlft«}rin.  For  prAf-tiral  working  the  available  stored  energy  is  very  much  less  than 
Oil«      S«»  frip  of  nrwt  pngr. 

(AMtriiMfrl  ffiim  11  |iii|»«*r  on  "  Moilfr  Rxplotiont.**  by  Prof.  R.  H.  Thrsrston,  Trans.  Am.  See 

M.  K  .  Vol  VI..  Paper  CLXIL] 


Arma 

•  If 

W 

f)fi«»» 

nnlifil 

1 

N(|.   ft 

•t|   fi. 

ltl«. 

t^ 

«/< 

I4,I*4M 

•« 

i,««*i 

#♦•.<'•% 

•1 

l.lffM 

tg.4«"' 

Y> 

1 

i 

Wki(«mt  or  - 


W*lrr. 

Steam. 

IIHI. 

ibt. 

A,  1  in 

I9.f>j 

f.,4V» 

^sM 

s^*f** 

•1.67 

A.UMi 

1119 

Stored  Enbkcv  Available — 


Water 


ft. -lbs. 

I  =s  1000 

64*253 

64*452 
52,561 

69.' 49 


Steam. 


ft.-lb«. 

I  =  1000 
2.385 
3.226 

2,717 
3»9»o 


Total. 


ft. -lbs. 

I  =  1000 

66.638 

67.678 

55,278 

73.059 


nile-lbs 

I  =r  I 
xa.6at 

ia,8i8 

10,469 

«  3,837 


*  Thr  hMt  unit  muNt  hi>  taf^fuUv  dltHlnRiiithed  from  a  mere  dei^ree  of  temperature,  from 
wHtth  It  Hilfftft  wiith  fi%  tk/p^i  ^mtui  illfT«ri  from  a  pound  or  a  foot,  or  as  an  area  differs  from 
a  rilMNHr^.  TItr  lilllv  dliiHtiim«  («n  lli«*  nf*«l  |Mi|(f  (Figs.  118,  iiq,  and  xao)  will  make  this  clearer. 
A  hrat  unit  U  11  fi>rt«r//^r  nf  hpm.  Wlml  U  mllfd  temperature  is  merely  an  eUtitude  of  heat.  A 
Hl||h  nhltud^  nf  (rmprrMhirr  h  ciniMsl^ni  with  a  very  small  quantity,  if  the  body  be  small,  or 
»vttt  If  lhf>  Imdjr  lie  latKP  and  \K%  (upaitly  f«>r  at>sorbmg or  holding  beat  small.  Dilferen' 
ittitctlali  difftr  grtatly  In  this  respt«l. 
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ABSumed  steam  pressure,  125  lbs. 

This  table  gives  the  entire  energy  in  the  steam  and  water  between  21a*  and  353*,  or 
the  amount  of  work  which  would  be  done  if  the  pressure  were  allowed  to  fall  to  lero 
and  there  were  no  back  pressure  or  other  losses  in  the  cylinder.  It  will  be  seen  to  be 
about  equal  to  the  ordinary  working  tractive  power  of  a  powerful  engine  for  about  one 
mile.  Perhaps  one  half  of  this  stored  energy  is  a  practically  available  resource  ia 
operating  emergencies. 
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AOHA 1 J. 


fOFf' 
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Areas 
1.™ 
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0 
Pig. 


LeiXgths  I 

i6%    sAn.    si/^. 
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*»r 


pressure  drop  from  140  lbs.  to  50  lbs.  is 
simply  this,  say,  for  the  second  engine 
given  in  the  preceding  Table  144  : 

In  Steam  Space:  Only  8.8  instead  of  25.6 
lbs.  of  steam  are  required  to  fill  the  steam 
space,  releasing  some  17  lbs.  of  steam. 

In  Water  Space:  The  fall  of  sensible  ^ 
temperature  from  361°  to  281®  releases  80 
heat-units  per  pound  of  water,  and  80  x  ^ 
(specific  heat  of  iron)  heat-units  per  pound 
of  boiler,  being  sufficient  to  convert  into 
steam  a  weight  of  water  equal  to  about 
1^  of  the  total  weight  of  boiler  and  con- 
tained water)  or  for  the  given  engine  728 
lbs.  of  steam. 

This   makes  a  total  gain   of  only  745 
lbs.  of  steam,  or  37^  lbs.  per  square  foot    1^ 
of  grate,  which  is  about  what  a  square    Q»'d//'-| 
foot  of  grate  should  evaporate  in  3}  min- 
utes, at  the  rate  of  600  lbs.  per  hour. 


40Pi'\ ^ \ L. 


J^ 


118. — Rrlation    op    Akbas 
Altitudbs  and  Lbncths. 


TO 


ko  r-1— 
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•    of  y/ORK.\  \ 
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75^5     2o/i)s  JO/bs  '40/^ 
654.   As    respects   letting   the    supply  of   Fic.  119 -Relation  of  FooT-rouNot 

water  fall  off,  here  also  the  gain  is  compar-    °'  ^^"*^  ^°  Distancbs  and  Weights. 

atively  slight,  because  the  heat  used  to 

raise  the  temperature  of  the  water,  say, 

from  60®  to  the  boiling-point  at  120  lbs. 

pressure,  350®,  is  only  290  heat-units  per 

pound   of  water,  or  one    third   fffj)  as 

much  as  is  needed  to  change  the  water 

into  steam  after  it  has  reached  that  limit. 

Therefore,  even  if  we  allow  as  much  as  10 

per  cent  of  the  whole  water  in  the  boiler    0 

to  evaporate   without  replacing  it,  which    Fig.   lao.— Relation    or    Hrat  UNITS 
will  lower  it  about  3  in.,  we  only  save  heat  ""^  Temperature  and  Mass. 

enough  to  evaporate  ,\  of  the  whole  water  in  the  boiler,  or  215  Ibs^ 


I 


vo'r.^ 


I 
I 

I 

I 


I 
I 


30  r-i y — — : 4— 

NeAT  Un/ts.     I 

CO  r-r f. 4 — —^ 


\ Maes  A 


to)b9    2o/ib9    aolbs  40/d$ 


456 


CHAP.  XL^LOCOMOTIVE  BOILER. 


being  somewhat  over  lo  lbs.  per  square  foot  of  grate,  or  about  what  is 
evaporated  in  one  minute. 

555.  Nevertheless  it  helps;  but  that  the  help  is  small,  is  clear  In  an- 
other way. from  Table  144,  which  gives  the  total  available  energy  in  the 
boiler  and  contents  if  the  boiler  pressure  were  allowed  to  fall  to  zero,  and 
the  steam  thus  produced  used  without  loss  (other  than  the  heat  in  the 
steam  at  212°)  in  the  cylinders. 

It  will  be  seen  from  Table  144  that  an  engine  which  is  working  fairly 
hard  (as  hard  as  it  can  continue  to  work  indefinitely),  and  evaporating 
600  lbs.  per  square  foot  of  grate,  will  evaporate  a  whole  boilerful  of  water 
in  from  20  to  40  minutes.    This,  again,  shows  that  the  available  reserve 

Table  145. 

Estimated  Approximate  Distribution  op  the  Loss  of  Heat  in  American 
Locomotive  Boilers  to  its  Various  Contributing  Causes. 


Theoretical  evaporation  of  fairly  good  (14,000  H.  U.) 
coal 

Actually  evaporated  in  fair  average  practice,  with 
■uch  coal 


Leaving  as  wastage  to  be  accounted  for,  which 
may  be  divided  between  the  various  sources 
of  loss,  as  follows  : 

I.  Heat  carried  off  in  the  gases  of  combustion  (ex 
tremes  of  smoke-box  temperature  taken  at  392^ 
and  734'') 

a.  Lost  in  the  ash 

3.  Getting  up  steam  and  banking  fires  (about  10  per 

cent,  but  not  included  above,  and  so  neglected.) 

4.  Unconsumed  coal  ejected  by  the  blast 

5.  Imperfect  combustion 

6.  External  radiation 

7.  Entrained  water  (a  real  loss  but  apparent  gain). . . 

8.  Lost  through  safety-valve 

Total  loss  as  above  estimated 


Maximum. 

MlNll 

Lbs. 

Per  cent. 

Lbs. 

ia.07 

100. 

n.07 

9.06 

75- 

6.04 

3.01 

as- 

6.04 

x.az 

XO. 

s.49 

•  •  •  • 

0.+ 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

.36 

3- 

x.ax 

•  •  •  • 

•  •  •  • 

.60 

1.44 

xa. 

x.8z 

— o.ia 

—1. 

— o.6x 

o.xa 

X. 

o.6x 

3.01 

as- 

6.04 

Percent. 

too. 
SO. 


0.+ 


M. 

5* 

»$. 

-5. 

5- 


SO. 


These  extremes  are  rarely  reached  in  the  same  engine,  but  the  maximum  is  only 
reached  under  favorable  and  the  minimum  under  unfavorable  conditions  for  economical 
combustion. 

In  marine  practice,  nearly  all  the  above  sources  of  loss  except  the  first  are  avoided.  Ao 
efficiency  of  from  80  to  90  per  cent  of  the  theoretical  evaporation  is  therefore  no  longer 
exceptional 


CHAP.  XL'-LOCOMOTIVE'-'CYUNDER  POWER.  4$/ 

in  the  boiler  is  a  pretty  small  affair,  and  the  normal  generation  of  steam 
we  have  seen  (Table  142)  to  be  quite  unequal  to  utilizing  the  full  tiactive 
power  at  any  high  speed. 

556.  The  boiler  is  not  an  uneconomical  generator  of  power.  In  the 
best  types,  from  75  to  90  per  cent  of  the  potential  energy  which  goes  into 
it  in  the  form  of  fuel  leaves  it  in  the  form  of  steam.  Nor  is  the  locomo- 
tive boi)er,  in  spite  of  its  great  efficiency  in  proportion  to  weight,  inferior 
to  other  types  in  economy,  the  very  best  of  stationary  and  marine  boilers 
alone  excepted.  Without  going  into  details,  for  which  space  cannot  be 
taken,  Table  145  gives  the  substance  of  the  facts  in  relation  to  its  ordi- 
nary working  when  not  burning  over  80  to  100  lbs.  of  coal  per  hour. 
When  combustion  is  pushed  harder,  the  loss  from  unconsumed  coal 
ejected  by  the  blast  is  much  heavier. 

THE  CYLINDER  POWER. 

597.  Since  we  have  seen  that  the  locoitiotive  boiler  is  quite  unequal 
to  supplying  steam  enough  to  utilize  the  full  adhesion  at  high  speeds,  it 
results  in  no  serious  loss,  and  need  occasion  no  surprise,  that  the  cylin- 
der, which  is  a  mere  transmitting  agency,  is  in  actual  practice  and  as 
actually  constructed  unequal  to  transmitting  such  an  amount  of  power, 
even  if  it  could  be  generated.  As  the  speed  rises  above  the  lower  work- 
ing speeds  for  which  the  locomotive  was  designed  there  is  a  very  great 
reduction  of  cylinder  efficiency  as  measured  by  the  average  pressure  in 
the  cylinders,  cut-off,  opening  of  throttle,  and  boiler  pressure  being  the 
same. 

558.  The  steam-engine,  even  in  its  most  perfect  forms,  attempts  only 
to  convert  into  work  the  expansive  energy  of  steam,  which  is  a  very 
small  part  of  its  total  energy.  All  that  great  proportion  of  the  heat 
energy  in  the  steam  which  has  been  required  for  the  purpose  of  chang- 
ing it  from  water  into  steam  is  wholly  thrown  away,  even  in  a  theoreti- 
cally perfect  steam-engine.  It  is  hardly  to  be  conceived  of  that  science 
will  not  eventually  discover  some  radically  different  device  for  convert- 
ing heat  into  work  which  will  be  many  times  more  effective,  but  at  pres- 
ent we  do  not  seem  to  be  even  tending  toward  it. 

599.  All  ordinary  forms  of  steam-engines  are  in  substance  similar  to 
the  engine  of  the  locomotive,  which  in  its  essential  outlines  is  simplicity 
itself,  consisting  only  of  a  piston  vibrating  back  and  forth  within  a  cylin- 
der to  which  steam  is  admitted  and  cut  off  at  each  end  alternately  by 
some  form  of  automatically-acting  valve — in  the  locomotive,  the  slide- 
valve.    The  steam  is  admitted  for  a  certain  fraction  of  the  stroke  (one 
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quarter  to  three  quarters  in  the  ordinary  practice  of  the  locomotive),  called 
tht period  of  admission;  then  cut  off,  permitting  what  steam  is  shut  up 
in  the  cylinder  to  expand  and  do  further  work  during  what  is  called  the 
period  of  expansion  ;  and  then  released  or  permitted  to  escape  at  or  be- 
fore the  end  of  the  stroke,  so  that  there  may  be  as  little  as  possible  b(uk 
pressure  to  resist  the  return  stroke. 

While  this  division  of  the  work  done  in  the  cylinder  into  the  period 
of  "  admission"  and  of  "expansion"  is  convenient, yet  during  each  period 
«like  it  is  the  expansive  energy  of  the  ."team,  and  that  alone,  which  does 
what  work  is  done. 

560i  On  the  proper  design  of  the  valve -gear  by  which  the  slide-valve  is 
moved,  and  so  the  admission,  cut  off  and  release  of  the  steam  controlled, 
hangs  nearly  the  whole  question  of  good  or  bad  working  of  the  cylinders,  and 
its  theory  is  a  study  in  itself,  into  which  we  need  not  enter ;  contenting  our- 
selves with  determining  what  are  the  theoretical  limits  of  efficiency,  what  are 
the  results  actually  obtained  in  good  practice,  and  how  these  results  ought  to 
be  and  are  affected  by  varying  conditions. 

961*  The  form  of  valve-gear  known  as  the  link-motion  is  in  all  but  univer* 
sal  use  on  American  engines,  and  is  used  on  a  large  majority  of  all  foreign 
engines.  It  was  invented  almost  contemporaneously  with  the  locomotive  itself, 
and  a  large  part  of  the  credit  for  it  is  due  to  the  same  man,  George  Stephenson; 
so  that  it  is  not  unjustly  known  by  his  name,  although  it  is,  properly  speaking, 
the  invention  of  Howe,  a  foreman  in  his  shops.  It  has  not  been  essentially 
modified  or  improved  upon  since  its  invention,  except  as  advancing  experience 
has  given  better  knowledge  of  the  precise  proportions  which  it  should  have, 
and  it  is  with  justice  regarded  as  one  of  the  most  notable  inspirations  in  the 
history  of  mechanism,  fulfilling  as  it  does  very  simply  yet  remarkably  well  all 
the  complex  requirements  which  a  locomotive  valve-gear  should  have. 

562t  Nevertheless  there  are  certain  desirable  ends  which  it  does  not  fulfil, 
and  in  recent  years  a  number  of  valve  gears  have  been  devised,  some  of  them 
of  a  highly  ingenious  character,  which  are  claimed,  and  probably  with  truth, 
to  possess  certain  practical  advantages  over  the  link-moiion.  and  which  have 
met  wide  acceptance  abroad.  It  is  possible,  although  as  yet  hardly  probable, 
that  some  of  these  may  eventually  supplant  the  link-motion,  but  none  of  them 
have  yet  been  shown  to  give  such  radically  different  results  from  the  link-mo- 
tion that  any  of  the  conclusions  we  shall  reach  will  be  affected  thereby,  except 
in  degree. 

563.  Assume  such  a  cylinder  as  that  described  in  par.  559  to  have  a 
connection  opened  with  the  boiler,  at  the  beginning  of  the  stroke,  which 
continues  open  until  the  end  of  the  stroke.  Let  the  connection  with 
boiler  be  then  closed,  and  a  connection  with  the  outside  air  opened,  so 
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as  to  permit  the  inclosed  steam  to  escape,  while  at  the  same  time  steam 
is  admitted  to  the  other  end  of  the  cylinder  and  the  operation  is 
repeated. 

564t  In  this  we  have  a  steam-engii.e  of  the  simplest  type,  which  was 
also  the  earliest  type,  and  an  indicator-diagram 
of  such  an  engine,  if  it  worked  perfectly  (which    $! 
it  would  not  be  likely  to  do  at  very  high  speed),    h 
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would  resemble  Fig.  121.  The  boiler,  being  ^ 
constantly  g:enerating  steam,  may  be  considered  b 
as,  for  the  time  being,  a  reservoir  of  infinite  (| 
volume,  and  the  expansion  of  the  steam  to  fill  I  Stroke., 
the  cylinder  will  not  reduce  its  pressure.  Con- 
sequently, the  cylinder  pressure  throughout  the  ^■®*  *"• 
stroke  will  be  equal  to  the  boiler  pressure,  and  the  diagram  will  be  a 
rectangle,  in  which  the  foot-pounds  of  work  done  will  be  represented 
by  stroke  in  ft.  x  area  of  piston  in  sq.  ins,  x  boiler  pressure  in  lbs.  per 
sq.  in.  The  efficiency  of  even  so  crude  an  engine  as  this  is  considerably 
over  three  fourths  of  what  is  actually  realized  in  fair  average  practice, 
and  fully  as  much  as  is  realized  under  unfavorable  conditions,  and  may 
be  determined  thus : 

965i  A  17  X  24  in.  cylinder  has  a  capacity  of  3.1525  cu.  ft.,  and  will  hold 
almost  precisely  one  pound  of  live  steam  at  a  pressure  of  126  lbs.  per  sq.  in. 
above  the  atmosphere — an  ordinary  working  pressure.  The  work  done  by  this 
steam,  in  foot-pounds,  if  there  be  no  loss  by  condensation  or  other  disturbing 
cause,  will  be 

n\*f* 

— -  X  ia6  lbs.  X  2  ft.  =  57,200  ft.'lbs. 
4 

Dividing  this  amount  of  work  by  the  mechanical  equivalent  of  heat,  we  obtain 
as  the  useful  work  which  ought  to  be  realized  if  there  were  00  losses  by  back 
pressure  of  steam,  condensation,  or  otherwise, 

57,200  --   _. 

i^    =  74.09  H.  U. 
772 

In  addition  to  this  useful  work  the  steam  has.  in  a  non  condensing  engine, 
done  this  work  against  the  pressure  of  the  atmosphere  on  the  opposite  side  of 
the  piston,  amounting  to  nearly  15  lbs.  per  sq.  in.,  or  about  11.2  per  cent  of  the 
useful  pressure.  Computed  to  include  work  done  against  this  pressure,  most 
of  which  is  avoided  in  marine  and  other  condensing  engines,  the  total  work 
done  is  equivalent  to  74.09  X  1.112  =  82.91  H.  U. 

Now  the  total  heat  in  this  quantity  of  steam  is  (Table  143)  1221  H.  U.,  so 
that  all  that  is  utilized  is  : 
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Eipreu  PuKiger  Bncine.  .g!4"  X  ifi"  ej^linilcn.  fi  II.  d  in.  driTcn.    Hcu  misht,  6|.* 
AM.    Avir,ii,  ,/  Wlitlt  a'kh,-  Spml.  4].j  aMr%  per  hour;  indlcatnl  honc'.poinT,  $ii.u; 

trom  ilie  smoke  .stack  (as  it  often  is  in  pTBCIlce).  to  over  7  lbs.  Fig.  laa  showi 
.he  flurtuaiions  of  speed  and  tractive  power  during  a  put  of  tbit  nia  in  a  aoine- 
•rhat  similar  manner  to  Fig.  123. 

Table  146. 
Tests  of  a  Baldwin  16  X  14  in.  American  Engink  in  Exntass  Pkught 


B....P..„.,..„ 

CiaciiiMli 
HamlliOD. 

HuDiltOD 

TiriD  Cnck. 

Twin  Creek 
Dajtoo. 

Apparent  evaporation,  actual 

•■                ■■     less  5  p.  c.  primage 

Ibi. 
7-44 

ro^5^ 

•q.ft. 
3.84 

ibi. 
4-75 
4-51 
S.34 

13.01 

17J.0 
13.856 

•q.ft. 

a. 57 

ibt. 

SIS 

7.30 

13.34 
13,918 

«|.fL 
3.«I 

Actual  cvap.  (lo^S  primage)  per  sq.  ft. 

of  healing  surface,  per  hour 

Coal   burned  per  sq.  ll.  of  grate,  per 

Evap'n  from  and  at  an'  per  hour. . . . 

grnte  per  hour  with  natural  draft  at 
as  lbs.,  and  one  horse. power  =  15 
sq.  ft.,  we  ha"e,  for  such  an  engine 

Heating  surface  per  H.  P.  of 

Ratio ofeffeclofblasl  (  coal  buroed.... 
to    natural    draft.  \ 

3.36 
3.33 

4-34 
4-33 

4.04 
4.08 
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BncBTON  *  South  Coast  Rail 
SH'^  *a  <Bil**  per  hour  li  ii 

-dline.    Htrii.ptvirn 

!&  bf  Ihc  lifhl-dolIHl  In 


bcmTTK 


br  the  fiffura 


HI  of  ibe  diagno  ud  br  th* 


Table  14«. — Continued. 
Engine  Frrformatxi. 


M«Mnm  

Speed,  miles  per  hour 

Mean  boiler  pressure 

"      CDt-off '.'.'.'.'.'.'.'.'!.''.'.'. 

"     effective  pressure 

Grade  of  expansion,  jncl.  clearance.. 
DlSTRinUTION  OF  PowBR : 


all 


>nly  above 


Gross  load 

Extra  frtclion  due  to  load  (5  p. 

gross  load) 

Power  expended  in  movin);  train. 
Per  ceni  of  tnial  power  absorbed  by 

Cost  of  Powek: 

Steam  per  hour  to  engines 

Steam  accounted  for  by  diagrams 

Percent  of  do   :.... 

Steam  per  I.  H.  P.  from  boiler  . . 

Coal  p«rl.  H.  P..  acitial 
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Details  of  Escoine  akd  Traiic  rom.  Tables  146^  147. 

Baldwin  American  engine,  16  x  24  in.  cjlinden,  61  In.  driven,  15.99  ai|.  ft.  gnts  ant, 
89S.7  total  heating  snrfaoe. 

Weight  on  drivers,  44*840 ;  tracks,  37,580 ;  total,  73,290  Itm, 
Weight  of  tender,  empty,  33.480  lbs.;  load,  24,000  lbs. 

Train,  35  loaded  box  cars  and  caibooae,  weighing 78>>94  toniL 

Average  of  engine  and  tender 55*73    *' 


Total  weight  of  train 838.66 

Engine  in  ordinary  working  order,  out  of  shop  33  months  (55,471  miles),  Pfttsbntg  Na 
a  coal.     Date  of  tests,  July  38,  1878. 

Evaporation  per  sq.  ft.  of  fire-box  surface,  assuming  60  per  cent  of  the  evaporation  to 
have  been  from  that  surface,  93.53  lbs.  per  hour. 

Friction  of  engine  was  determined  by  series  of  indicator-diagrams  at  cacli  qwed, 
averaging  15.8  per  cent  (including  the  allowance  of  5  per  cent  for  extra  work  due  to  UmmI, 
which  is  probably  too  large),  while  the  weight  of  the  engine  was  only  6.^  per  cent  of  the 
total.  This  work,  however,  includes  atmospheric  head  resistance  as  well  as  reeling  and 
internal  friction. 

572.  A  more  reasonable  presentation  of  what  may  fairly  be  expected  from 
locomotives  under  the  most  favorable  working  conditions  for  developing  power 
economically  is  given  in  a  paper  on  "  The  Consumption  of  Fnel  In  Locomo- 
tives/' read  before  the  Institution  of  Mechanical  Engineers,  by  M.  Georges 
Mari6,  engineer  of  the  Paris  &  Lyons  Railway,  of  France.  In  these  tests  a 
powerful  locomotive  (21^  X  26  in.  cylinders,  eight  4  ft.  if  in.  drivers,  carrying 
some  100.000  lbs.;  exact  figures  not  given)  was  loaded  with  a  light  train  of 
167. 8  to  183.2  tons,  and  run  up  a  long  grade  on  the  Mont  Cexiis  line,  rising 
1709  ft.  in  17^  miles,  or  about  a  two  per  cent  average  grade  (the  maximum  being 
2.84  per  cent),  in  one  hour.  The  total  tax  on  the  adhesion  on  such  a  grade  was 
only  some  65  lbs.  per  ton  maxinjum  and  46  lbs.  average,  or  a  total  average 
traction  of  some  8000  lbs.  With  so  light  a  load  it  was  possible  to  cut  off  at  one- 
fifth  stroke.  The  author's  conclusions  from  the  tests  are  that  with  a  good  loco- 
motive and  a  good  driver  the  consumption  of  fuel  and  water  is  as  follows : 

Consumption  of  fuel  per  efifet.-iive  horse-power  per  hour. .  3.27  lbs. 

Consumption  of  fuel  per  indicated  horse  power  pe^  hour. .  2.88  lbs. 

Ratio  of  consumption  of  water  to  consumption  of  fuel... .  8.88 

Ratio  of  dry  steam  produced  to  fuel  consumed 8.08 

These  satisfactory  results  are  attributed  to  the  following  causes :  "(i)  Tbe 
total  heating  surface  of  the  boiler  is  very  large  compared  to  the  grate  surface,— 
9610  I, — so  that  the  boiler  absorbs  the  heat  of  the  gases  very  completely; 
(2)  the  cylinders  of  the  locomotive  are  very  large. — according  to  the  late  M. 
Maria's  system.— so  that  the  grade  ot  expansion  is  high  ;  (3)  the  locomotive 
was  very  well  looked  after,  which  is  an  important  point  in  economy  of  fuel.'* 
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Table  147. 

Details  as  to  the  Resistances  op  Engine  and  Train  in  the  Tests 

Absteacted  in  the  Preceding  Table. 


In  three  ruot  of 

At  tpeedi  in  mi  let  per  hour  of. 


The  average  indicated  H.  P..  as  determined  by  the  average 
of  cards  taken  on  both  sides  of  the  engine  simulta* 
neously  at  intervals  of  two  minutes,  was 

The  entire  weight  of  the  train  having  been,  engine,  55.7a  •\- 
783.94  =  838.66  tons,  we  may  compute  from  the 
above  data  that  the  average  tractive  energy  of  the 
locomotive  (including  its  own  internal  friction)  was 

Equal,  average  of  entire  train 


C.  to  H.  H.  to  T.  C.  T.  C.  to  D. 

94.7  miles.  15.87  miles.  16.37  milca. 

17.93  93.67  93.0 

Average  of— 

40  cards.  90  cards.  91  cards. 

*  I.  H.  P.  ■      » 

991.9             368.7  388.5 


Of  the  above  H.  P.^  however,  it  was  determined  by  actual 
trial  that  the  indicated  H.  P.  necessary  to  move  the 
engine  alone  at  the  given  speeds  was >... 

And  it  was  estimated  that  when  the  engine  was  working 
hard  there  was  a  further  addition  to  iu  internal 
friction  of  5  per  cent  loss  on  work  done,  = 

Making  total  H.  P.  absorbed  within  engine 

Deducting  this  from  the  work  done,  and  deducting  engine 
from  weight  of  train,  we  find  the  average  traction 
exerted  on  the  train  was 

Leaving  as  the  power  required  to  propel  the  engine  itself, 
without  loaul 

Add  estimated  addition  to  engine  resistance  wlien  work- 
ing hard  (5  p.  c.) 

Total  continuous  force  in  lbs.  to  move  eng.  itself. 

Or  in  lbs.  per  ton  of  engine  and  tender: 

Locomotive  without  load 

Increase  du^  to  load 


Total  locomotive  resistance. 


Assuming  the  effective  end-area  of  the  engine  for  air  re- 
siiiiance  to  be  100  sq.  ft.,  and  air  resistance  to  be 
V^  lb.  per  sq.  ft.,  at  10  miles  per  hour,  we  have  for 
air  head  resistance  only 

Leaving  as  the  tractive  and  internal  resistance  of  the 
engine  without  load 


In  round  figures,  we  may  deduce  from  the  preceding,  for 
locomotive  resistances  in  lbs.  per  ton,  of  engines 
of  the  American  type  (in  which  head-resistance 
would  be  a  larger  proportion  than  in  more  powerful 
engines) 


-lbs.- 


6,346  6,097  6,334 

/  lbs.  per  ton s 

7-57  7  »7  7-55 

/ — I.  H.  P.,  engine  only — » 
33-4  4«.3  44.3 


19.9 
46^ 


6.83 


7*7  • 

981. 

1008. 


16.4 

57-7 

-lbs.  per  (on- 
6.57 

—Total  Ibs.- 
683. 

979. 


17. s 


T^ 


13.04 
5  06 

18.10 


955- 

-lbs.  per  ton- 

ia.a6 

487 


7M. 

980. 
looa. 


148 


579 


X7»3 

-Toul  Ibs.- 
"57 


19.96 

5.04 

18.00 


S65 


4afi  457 

Lbs.  per  ton  of  eng. 

Atmospheric 3.0 

Rolling  friction,  light  ...  5.0 

Internal    "  "      ...  5.0 

"         ••         increase 

due  to  load 5.0 


Totol 18. 


The  average  of  the  train  behind  engine  is,  say 6. 75 

Excess  of  engine  resistance,  lbs.  per  ton  of  engine 11  .as 

This  engine  excess,  when  distributed  through  the  entire  train  (of  35  loaded  cars)  makes  a  differ- 
ence, as  shown  above,  of  only  (average,  0.74,  0.70,  0.77),  say %\h.^T  ton. 
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Reference  ii  alio  made  In  the  larae  paper  to  « 
M.  Regray.  Chief  Engineer  of  the  Eastern  Rallwajr  of  France,  on  conanroptioa 
o(  fuel  in  expreu  engines  hauling  express  iraini,  showing  3.01  lbs.  per  indi- 
cated horse-power  ai  an  average,  and  I.4S  lbs.  a*  tbe  luioimdm.  These  aatis- 
faciory  results  are  claimed  by  the  author  to  be  due  la  large  pan  to  the  use  tA 
large  heating  surfaces  and  large  cylinders  :  be  always  built  hli  own  locoino- 
lites  by  that  rule, 

573.  The  present  tendency  in  this  country,  however.  Is  not  by  any  meaai 
toward  the  use  of  large  cylinders,  but  rather  toward  header  engines  and  boilets 
(or  the  same  cylinders.     The  comparison  given  in  Table  14S  shows  Ihii  very 

Table  HS. 
Inckbasb  in  Total  Weight  op  Engines  having  tki  Same-shcd 

CVLINDEkS. 

BaldwiH  Lacemelivt   Werki. 

.  Oimii.    I  a  im  Lah 


Rhudr  Island  Letemotivi    Wsrks. 


Vb*». 

Total  W.icht  im  PouhO!. 

.6-X.4" 

>J"  X  J4" 

.B"  X  .4" 

X::;:: 

188s 

65.150 

67.630 
84.850 

70.100 

75.66S 
9".7SO 

83,730 
103,700 

Mogul  Enginis.                                  | 

1B71 

1876 

I8B0 

188s 

65.150 

70.100 
77.010 



'  88'.fl70 
j    94,850 
)  M3.700 
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Table  148. — Continued. 

Taunton  Locomotive   Works, 


16"  X  a4"  Cylindbrs. 

17"  X  84"  Cylinders. 

Year. 

Weighi-Lbs. 

Year. 

Weight-Lbs. 

1848* 

I857t 

1859} 

i86ot 

1861 

1880 

1883 

1884 

50000* 

58.ooof 

52.ooo| 

54.ooot 

62.400 

70,000 

82,000 

83,000 

1850* 

1857 

1865 

1882 

1883 

1884 

1885 

57.000* 

67.700 

67.000 

78,400 

80.000 

90,000 

91,000 

♦  16"  X  30 '  cylinders. 

t  16"  X   22" 

♦  17"  X  ao"  cylinders. 

See  also  Tables  127-1^. 

Most  of  the  striking:  change  shovm  in  this  table  is  accounted  for  by  the  gradual  in- 
crease in  boiler  pressure  carried.    See  par.  605. 

strikingly.  After  allowing  its  full  weight  to  the  effect  of  the  increase  in  boiler 
pressure  carried,  it  is  clear  that  there  is  no  tendency  toward  using  larger  cylin- 
ders for  the  sake  of  being  able  to  cut  ofif  earlier. 

THE  THEORETICAL   GAIN   BY   EXPANSION. 

574.  Under  '*  Mariotte*s  Law"  (given  in  any  text-book  on  physics)  the  vol- 
ume of  a  gas  is  inversely  as  the  pressure,  so  that  if 
the  gas  has  expanded  into  twice  the  volume  it  exerts 
half  the  pressure,  etc. 

In  * 'cutting  off "  steam  at  some  point  in  the  stroke, 
say  half-  or  quarter- stroke,  the  steam  in  the  cylinder 
expands  according  to  this  law  (theoretically),  and 
thus  continues  to  push  the  piston  before  it  with  a 
gradually  decreasing  pressure  as  the  interior  volume 
increases,  until  at  the  end  of  the  stroke  the  pressure 
is  (or  ought  to  be,  with  a  perfect  gas)  just  half  or  a 
quarter  of  the  initial  boiler  pressure.  A  perfect 
indicator-diagram  of  such  a  stroke  would  have  the 
form  of  Figs.  124,  125,  the  bounding  curve  being  a 
hyperbola,  as  in  Fig.  97.  The  shaded  portion  in 
these  cuts  represents  what  is  gained  by  expansion, 
or  oneht  to  be. 

575*  But  steam  is  not  affected  in  precisely  the 
same  way  as  a  perfect  gas  by  changes  of  pressure  and  volume;  and,  moreover. 


Fig.  134. 


'Us 


Fig.  125.— The  Ratio  of  thb 
Shaded  Portion  to  the 
Unshaded  Rectangle  im- 
dicatrs  the  Theoretical 
Gain  by  Kxpanmon. 


468 


CHAP,  XL^LOCOMOTIVB^CYUNDER  POWER. 


Table  149. 

Theoretical  Efficiency  of  Steam,  Expanded  in  Non  coNDucnNO  ■ 
Cylinders,  involving  no  Waste  of  Heat. 

[Rearranged  from  **  Steam  Using,  or  Steam-Bngine  Prutke,**  by  Prof.  Chat.  A.  Smith.] 
Boiler  pressure  assumed  at  xao  lbs.  per  sq.  in.  above  atnxMphere. 


Theoret  Pounds 
Sieam  Per 

Horse-power 
Per  Hour  (i9o  lbs. 

over  Atmos.) 

Theoret.  Gain 

by  Expansion. 

Full  Stroke 

a  i.oo 

(absolute  press.) 

Mban  EppBcnyii 
Prusurb  pbr  Sq.  Im. 

GaiaPfer 

CUT-OPP. 

Non-con- 
densing. 

Coodeoa- 
ing. 

Ceotbf 
Condenwag: 

Full  Stroke. . 

1  ;i^^ 

31.3 
23.8 
21   4 
18.8 
16.4 

15.4 
II. 0 

10.3 

8.8 
8.2 

1. 000 
1.285 

1.459 
1.666 

1.905 

2.278 

2.854 
3.034 
3-547 
3.835 

119 

"5 
107 

96 

81 

60.7 

32.1 

25.0 

7.9 
1-3 

131 
127 
119 
108 

93 
72.7 

44.1 
37.0 
19.9 

13.3 

10. 1 

10.4 
II. 9 

ia.5 
14.8 
19.8 

37.4 
48.0 

151. 8 

923 

The  mean  effrctive  pres.«(ure  is  computed  by  assuming  a  minimum  back  pressure  of 
X.3  lbs.  per  st).  in.  above  the  atmosphere  in  non-condensing  engines,  and  a  minimnm 
back  pressure  of  4  lbs.  (or  12  lbs.  gain  by  condensing)  in  condensing  engines. 


Table  150. 

Theoretical  Economy  op  Steam  from  carrying  higher  Boiler 

Pressures. 
[At>stracted  from  '*  Steam  Using,  or  Steam-Engine  Practice,"  by  the  late  Prof.  Chat.  A.  Smith.] 


Pmrsxiirb 
AniivK  Atmos- 

Poi'NDS  OF  Dry  Stram.  if  Worked  in  a  Perfectly  Non-conducting  Cyuk- 
DKR  Per  Total  Hokse-powrr  Pbk  Hoi;r,  with  Citt-ofp  at — 

1*KK  Sg.  In. 

Full  Stroke. 

%  Stroke. 

M  Stroke. 

H  Stroke. 

^  Stroke. 

0 ,  .  .  . 

35.7 

33-7 

32.5 

31-7 
30.9 

30.5 
30.2 

24-9 
23.6 

22.7 

22.2 

21.6 

21.4 
21. 1 

21.4 
20.3 
19.5 
19.0 
18.5 
18.3 
18. 1 

15.7 
14.9 

14.3 

13.9 
13.6 

13.4 

13.3 

II. 7 
II. I 
10.7 
10.4 
10.3 
10. 1 
10. 0 

20 

60 

1(X) 

1  JO 

180 

J30 

Per   cent   of 
Ki  onomy     be- 
i«i-<'en    20  and 
liO  lti>.  Press. 

>  II. 6  p.  c. 

II. 7  p.  C. 

12.2  p.  C. 

12.0  p.  c. 

II. 0  p.  c 
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its  expansion  in  the  cylinder  means  the  doing  of  work, — which  means  loss  of 
heat, — which  means  loss  of  pressure, — which  means  a  reduction  in  the  work 
done;  so  that  the  true  curve  which  should  bound  a  theoretical  diagram  (which 
was  called  by  Prof.  Rankine  an  *'adiabatic"  curve)  and  the  precise  theoretical 
gain  which  should  result  from  expansion  is  all  but  incapable  of  rigorous  an- 
alysis. It  has  been  shown  that  there  is  little  error  of  practical  moment  in  as- 
suming that  the  steam  expands  in  accordance  with  Mariotte's  law,  and  it  is  laid 
down  that  it  does  so,  without  qualification,  in  some  popular  text  books;  but  we 
may  as  well  use  the  correct  theoretical  quantities,  as  given  in  Prof.  Chas.  A. 
Smith's  **  Steam  Using,  or  Steam  Engine  Practice,"  by  whom  they  were  care- 
fully determined  from  a  large  diagram.  According  to  these  figures,  if  we  can 
conceive  of  a  non-conducting  cylinder  we  obtain  the  following  figures,  abbrevi- 
ated from  Table  149.  The  boiler  pressure  assumed  is  120  lbs.  per  square  inch 
above  the  atmosphere,  but  the  results  are  but  little  affected  by  the  initial  boiler 
pressure,  as  will  be  evident  from  Table  150: 

576*  If  steam  be  cut  off  at 

Full  stroke,     f  i  i  I  i  i 

The  theoretical  gain  by  expansion  (Table  149)  is  as 

1. 000        1.285        1.459        T.666        1.905        2.278        2.854 
Whereas  by  Mariotte*s  law  it  is  somewhat  less,  viz. : 

I. 000        I. 261         1.425         I. 616        1.837        2.139        2.5TI 
The  theoretical  pounds  of  steam  required,  per  horse-power  per  hour,  are 

31.3  23.8  21.4  18.8  16.4  15.4  II. o 

And  the  mean  effective  pressure  in  pounds  per  square  inch,  allowing  a  certain 
minimum  of  i  (1.3)  lb.  per  square  inch  for  unavoidable  back  pressure,  should  be 

119.  115.  107.  96.  91.  60.7  32.1 

In  a  condensing  engine  the  mean  effective  pressure  should  be  some  12  lbs. 
more  than  this  in  each  case,  representing  the  gain  by  the  additional  complication 
of  the  condensing  apparatus. 

577.  The  locomotive  enp^ine  is  run,  as  an  average,  cutting  off  at  half-stroke; 
it  is  rarely  possible  to  cutoff  at  less  than  quarter  stroke (6  inches,  with  a  24-inch 
cylinder)  or  at  more  than  seven-eighths  stroke.  The  maximum  gain,  therefore, 
which  it  ought  in  theory  to  result  from  expansion  is  only  some  67  percent,  and 
if  we  had  an  engine  so  perfect  that  it  could  utilize  without  loss  of  heat  the  entire 
expansive  energy  of  the  steam,  so  as  to  discharge  it  into  the  air  at  atmospheric 
pressure,  it  will  be  seen  (Table  149)  that  the  utmost  possible  economy  would  be 
about  four  times  that  of  using  steam  at  full  stroke;  so  that  at  best  only  some  82 
X4  =  328  heat-units  out  of  11 59.  or  28.3  per  cent,  could  be  utilized.  The  utmost 
that  is  actually  realized  in  the  very  finest  marine  engines  burning  1.3  to  1.5 
lbs.  of  coal  per  horsepower  per  hour  is  some  16  or  18  per  cent  of  the  heat  put 
into  the  steam,  which  is  perhaps  three  fourths  of  that  which  comes  out  of  the 
coal. 
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578*  Such  engines  at  we  have  been  discussing,  which  would  give  a  diagraai 
similar  to  Figs,  124.  125,  are  practically  ont  of  the  question.  It  is  iipoarible 
to  admit  a  full  pressure  of  steam  instantly,  and  it  is  impossible  to  retain  the 
steam  shut  up  within  the  cylinder  until  the  very  end  of  the  stroke  or  leave  the 
opposite  end  entirely  without  resisting  pressure  to  absorb  the  momentum  of  the 
approaching  piston,  or  the  engine  would  speedily  pound  itself  to  pieces.  The 
valve  is  therefore  given  a  lead  so  that  the  steam  is  admitted  in  front  of  the  pis- 
ton and  released  from  behind  it  a  little  before  the  end  of  the  stroke,  and  the 
combined  effect  of  the  lead  and  the  lap  (the  meaning  of  which  is  explained  in 
any  treatise  on  the  steam-engine)  results  in  giving  to  the  theoretical  diagram 
of  a  high  pressure  steam-engine,  as  actually  worked  in  practice,  the  form  shown 
in  Figs.  126  to  148,  in  which  the  pressure  does  not  remain  full  during  admis- 
sion, the  expansion  curve  is  not  by  any  means  true,  the  lower  or  exhaust  line 
is  n<»t  by  any  means  at  a  zero  pressure,  and  the  lower  left-hand  comer  is  not 
by  any  means  a  sharp  angle,  as  in  Figs.  124.  125.  but  much  rounded  by  com- 
pression at  the  end  of  the  stroke.  Not  all  of  this  compression  is  lost,  it  is 
true,  since  it  saves  some  of  the  work  done  in  giving  motion  to  the  recipro- 
cating parts  ;  but  how  much  the  theoretical  loss  amounts  to  it  is  needless  to  in- 
quire, for  we  may  now  summarize  the  various  other  and  far  more  important 
sources  of  loss,  and  see  by  the  records  of  experience  what  their  aggregate 
amounts  to. 

579.  The  chief  sources  of  loss  of  cylinder  efficiency  in  the  locomotive 
en(;inc  arc  those  numbered  i  to  8  below : 

1.  The  steam  is  wire-drawn,  ^i-i  that  its  pressure  in  the  cylinder  is 
never  equal  to  that  of  the  boiler,  and  often  10  and  even  20  lbs.  below  it. 

2.  The  steam-ports  are  not  lar^e  enough  to  admit  steam  as  fast  as  the 
piston  mo7fes,  especially  if  it  be  moving  fast.  Both  of  these  sources  of 
loss  are,  owing  to  the  peculiarities  of  the  link-motion,  more  serious  at 
high  sfKicd  and  with  early  cut-offs,  and  the  last  one  hardly  occurs  at  all 
under  other  circumstances. 

These  two  causes  together  have  so  important  an  effect  on  the  tractive 
power  of  engines  that  they  are  separately  discussed  below  (par.  587). 
Their  effect  is  illustrated  practically  in  nearly  all  the  indicator-diagrams 
which  follow. 

580t  3.  All  entrained  water  in  the  steam  has  to  be  evaporated ;  a  loss, 
however,  more  properly  chargeable  to  defects  of  the  boiler  than  to  the 
cylinder.  M.  Mari6  found  in  his  carefully  conducted  experiments  that 
something  over  10  per  cent  of  the  apparent  evaporations  was  really  only 
vapor  carried  along  mechanically  with  the  steam  at  the  same  sensible 
temperature.  350**.  but  unevaporated.  Other  tests  show  3  and  5  per 
ztv\X.  and  some  none,  but  it  is  probably  rarely  less  than  5  per  cent.    This 


CHAP,  XI.^LOCOMOTIVE^CYLINDER  POWER.  471 

means  that  with  the  half-pound  or  more  of  steam  which  enters  the 
cylinder  at  each  stroke,  from  half  an  ounce  to  an  ounce  of  hot  water  is 
injected  with  it.  The  loss  involved  is  not  simply  the  300°  of  heat  which 
have  been  given  to  the  water,  but  as  soon  as  the  pressure  and  tempera- 
ture fail  during  expansion  and  exhaust  tliis  hot  water  flashes  into  steam, 
absorbing  the  necessary  heat  for  that  purpose  from  the  hotter  walls  of 
the  cylinders,  and  having  all  the  practical  effect  upon  the  temp)erature  of 
the  walls  of  the  cylinder  of  a  spray  of  cold  water  at  every  stroke. 

581  •  4.  A  constant  radiation  of  heat  from  the  metallic  cylinder  (only  a 
part  of  which  is  lagged)  and  its  connected  parts  into  the  surrounding  air, 
so  that  a  certain  small  fraction  of  the  steam  must  be  condensed  at  each 
stroke  to  supply  this  loss. 

Perhaps  Figs.  126  to  130  are  as  good  direct  evidence  as  any  of  the  very  great 
loss  which  results  from  this  cause.  It  will  be  seen  from  them  that  the  mere 
effect  of  leaving  off  the  cover  from  one  end  of  the  cylinder  was  to  make  a  very 
noticeable  reduction  in  the  effective  average  pressure.  It  is  to  be  remembered 
in  comparing  these  two  diagrams  that  this  '*  cover,''  the  removal  of  which 
caused  so  great  a  difference,  is  nothing  but  a  thin  plate  of  metal,  in  direct  metallic 
contact  with  the.cyiinder  at  many  points,  and  including  only  a  thin  space  of  dead 
air  between  them.  We  are  not,  therefore,  comparing  a  well-protected  with  a 
badly-protected  cylinder,  but  a  badly-protected  with  a  worse- protected  one. 

It  is  not  probable  that  the  absolute  loss  of  heat,  measured  merely  by  heat' 
units,  is  anything  like  as  great  from  the  cylinders  and  connected  parts  as  from 
the  boiler;  but  each  unit  of  heat  subtracted  from  the  boiler  can  be  replaced  by 
another  without  any  indirect  loss,  whereas  after  the  steam  has  once  entered  the 
steam -chest  and  cylinder  the  loss  of  a  few  units  of  heat,  by  reducing  the  pressure, 
means  the  loss  of  much  of  the  efficiency  of  what  heat  is  left. 

582.  5.  Still  more  important  than  direct  external  radiation  is  the  phe- 
nomenon known  as  internal  radiation  into  the  exhaust  steam.  The  steam 
enters  at  120  to  140  lbs.  pressure,  corresponding  to  350°  to  360°  Fahr. 
It  leaves  the  cylinder  at  4  to  7  lbs.  pressure  and  225°  to  230°  Fahr.  In 
entering  it  heats  the  interior  walls  of  the  cylinder,  which  it  finds  at  per- 
haps 250®  Fahr.,  to  nearly  its  own  temperature,  and  some  steam  is  con- 
densed thereby,  reducing  by  so  much  the  pressure  and  the  work  done. 
When  the  exhaust  opens  and  the  temperature  of  the  steam  falls  these 
hot  walls  radiate  their  heat  back  again  into  the  steam,  wasting  it  by  re- 
evaporating  the  vapor  carried  out  in  the  exhaust.  Thus  a  certain  large 
fraction  of  the  heat  passes  through  the  cylinder,  by  a  kind  of  side-path, 
without  really  taking  any  part  in  the  work  done  in  the  cylinder,  as  a 
leaky  flume  might  let  a  portion  of  the  water  past  a  water-wheel  without 
its  doing  any  work  on  it. 


Ik. 
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583i  The  loss  from  this  source  may  amount,  it  is  alleged  by  D.  K.  Clark,* 
to  anywhere  from  ix  to  42  per  cent,  the  latter  only  with  very  short  cut-offs.  As 
its  amount  increases  (i)  wiih  the  range  of  temperature  and  (2)  with  the  time  of 
exposure,  it  is  less  at  high  speeds  or  with  late  cut-offs.     Mr.  Clark  adds: 

"  These  results  sufficiently  explain  how  it  happens  that  expansive  working 
in  locomotives,  especially  in  outside  cylinder  engines,  is  in  practice  carried  oat 
to  such  a  limited  extent.  We  have  rarely  found  (1850)  on  the  Caledonian  Rail- 
way— a  line  slocked  with  outside-cylinder  locomotives — that  a  cut-off  materially 
less  than  30  per  cent  is  voluntarr"  /  adopted  by  the  engine  drivers.  In  their  own 
words,  they  *  lose  as  much  as  ^ey  gain '  if  they  endeavor  10  work  with  a  sup- 
pression much  less  than  30  p(    cent." 

This  still  (1886)  remains  as  true  for  American  practice  as  when  Mr.  Clark 
first  wrote  it,  except  that  for  30  per  cent  we  should  read  37^  or  perhaps  40  per 
cent.  But  little  gain  results  in  practice  from  cutting  off  shorter,  if  any;  and 
accordingly  the  all  but  universal  rule,  where  parts  of  the  road  are  struck  which 
require  only  a  light  power,  is  to  throttle  the  steam,  and  reduce  its  initial  pres- 
sure even  so  much  as  one  half  rather  than  attempt  to  cut  off  earlier.  While 
this  practice  is  often  pushed  too  far,  it  is  better  than  attempting  to  cut  off  at 
less  than  three-eighths  stroke  or  more,  except  at  very  high  speeds. 

584*  Prof.  Charles  A.  Smith,  who  studied  this  quesiion  with  great  care  as 
respects  stationary  engines.  lays  down  the  approximate  rule,  as  the  average  re- 
sult of  some  49  tests,  that  the  average  loss  may  be  estimated  at  3.6  lbs.  of  ex- 
cess water  (i.e.,  steam)  per  hour ^  per  foot  of  piston  diameter  per  deg.  Fahr. 
difference  of  initial  and  final  temperature.  This  is  on  the  assumption  that  time 
is  so  important  an  element  in  the  amount  of  this  loss  that  the  number  of  strokes 
per  hour  is  unimportant,  which  is  far  from  literally  true.  At  this  rate,  assuming 
an  average  range  of  temperature  of  loo**  Fahr.  in  the  cylinder,  there  would  be 
some  500  lbs.  of  steam  per  hour  condensed  internally  in  a  17-in.  cylinder,  and 
some  600  lbs.  in  a  20-in.  cvlinder. 

» 

585.  6.  The  back  pressure,  amounting  to  anywhere  from  4  to  7,  or 
even  (in  bad  practice)  10  or  12  lbs,  per  sq.  in.,  or  to  from  2  to  20  per  cent 
of  the  total  power  developed.  It  is  caused  chiefly  (until  compression 
begins  at  the  end  of  the  stroke)  by  the  contraction  of  the  exhaust- nozzles 
to  produce  the  draft  which  keeps  up  the  fires,  but  in  part  by  the  impossi- 
bility of  the  steam  escaping  quickly  enough  without  a  considerable  pres- 
sure to  drive  it  out. 

7.  The  clearance  spaces,  already  alluded  to,  waste  a  considerable 
amount  of  steam,  from  7  to  9  per  cent  when  cuttinjj  off  at  full  stroke, 
but  less  when  cutting  off  short,  since  the  steam  in  the  clearance  spaces 
expands  with  the  rest  and  does  a  certain  amount  of  work  in  that  way. 

*  **  Manual  for  Mechanical  Engineers,"  p.  880. 


CffAF,  XI.—LOCOAfOTIVE-^CYLINDER  POWER.  473 


686.  8.  The  energy  communicated  to  the  piston  and  connected  parts 

during  the  first  half  of  the  strokep  in  order  to  give  it  a  velocity  of  from 

(stroke         \ 
diam  of  drivers/  ^^  ^^^  train,  and  then  surrendered  again  during 

the  last  part  of  the  stroke,  is  in  great  part  lost,  so  far  as  useful  work  is 
concerned.  It  is  expended  on  that  portion  of  the  exhaust  which  is  shut 
up  in  the  cylinder  by  the  preclosure  of  the  valve  and  practically  recon- 
verted into  heat,  by  raising  the  steam  so  shut  up  from  a  pressure  of  per- 
haps 4  lbs.  and  temperature  of  225*^  to  perhaps  120  lbs.  and  35o^ 

587i  The  aggregate  effect  of  these  differences  is  to  very  greatly  de- 
crease the  TRACTIVE  FORCE  which  it  is  mechanically  possible  for  the 
locomotive  to  exert  at  the  higher  working  speeds,  but  not  therefore  the 
HORSE-POWER  which  the  engine  is  capable  of  exerting,  nor  (within  reason- 
able limits)  the  economy  with  which  that  power  is  obtained.  This  is 
especially  true  of  the  first  two  causes  (par.  579),  which  we  may  now  con- 
sider, in  connection  with  diagrams  which  will  show  more  clearly  the  ex- 
act limits  of  the  effect. 

688.  Under  the  most  favorable  circumstances,  with  the  throttle  wide  open 
and  speed  slow,  the  pressure  in  the  steam-chest  hardly  ever  rises  within  5  lbs. 
of  the  boiler  pressure,  and  this  is  still  further  reduced  when  the  steam  enters 
the  cylinders,  so  that  the  initial  pressure,  with  all  the  assistance  of  compression, 
is  rarely  within  10  lbs.  of  the  boiler  pressure.  When  the  throttle  is  only  partially 
open  (Figs.  127,  128)  or  the  speed  is  very  high,  or  especially  with  both  together, 
there  is  a  still  further  and  great  loss  of  pressure,  often  more  than  one  half.* 
Throttling  is  also  a  very  common  resort  in  preference  to  using  an  earlier  cut-off, 
as  the  engine  runs  more  smoothly  and,  practical  experience  shows,  with  but 
little  more  waste  of  steam. 

Q89.  In  all  such  reductions  of  initial  pressure  as  those  alluded  to  there  Is  a 
certain  theoretical  loss,  but  only  a  small  one.  It  is  greatly  exaggerated  in 
popular  belief  (as  well  as  in  certain  text-books  of  excellent  standing)  by  con- 
fusing a  loss  of  mtre  pressure,  or  pounds  of  traction,  with  a  loss  of  energy.  The 
tractive  force  in  pounds  is  undoubtedly  reduced  in  rather  more  than  constant 
ratio  with  the  reduction  of  initial  pressure;  but  then,  if  this  occurs  only  when  a 
larger  tractive  force  is  not  required  or  cannot  be  sustained  by  the  boiler,  this  is 
in  itself  of  no  importance,  and  as  respects  the  amount  of  work  which  can  be 
done  with  the  same  quantity  of  steam,  it  is  but  very  little  affected  by  the  reduc- 
tion of  pressure,  either  theoretically  or  practically.     Theoretically,  the  amount 

*  On  some  diagrams  taken  on  an  express  passenger  engine  on  the  Philadelphia  & 
Reading  Railroad,  taken  at  65  miles  per  hour,  it  was  found  that  the  average  effective 
pressure  was  actually  less  when  cutting  off  at  xo  in.  tham  when  cutting  off  at  5  in., 
although  the  amount  of  steam  used  was  far  greater. 
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of  steam  required  per  horse-power  per  hour  for  pressures  Tarying  by  90  lbs.  per 
square  inch  is — 

Pressure  above  atmosphere,  ...  20  40  60  80  100  iio  140 
Lbs.  steam  per  H.  P.  per  hour,  .  .  33.7  32.9  32.5  32.1  JI.7  31.3  30.9 
Loss  p.  c.  by  diff.  of  20  lbs.,  .     .     .  2.43     1.23     1.25     1.26     f.28     1.30 

A  difiference  which  in  no  case  is  worth  much  discussion,  unless  witiiout  con- 
travening advantage.  Practically  it  has  been  shown  in  many  experiments  of 
late  years,  and  especially  in  a  remarkable  series  of  experiments  by  Mr.  Dela* 
ford,  engineer-in-chief  of  the  mines  at  Creusot,  France,*  that  **  the  difference  in 
economy  between  steam  of  1 10  lbs.  and  steam  of  64  lbs.  is  very  small,  and  when 
we  take  the  generation  of  steam  into  consideration,  as  well  as  its  use,  the  lower 
pressure  is  the  more  economical." 

Similarly.  Mr.  D.  K.  Clark, f  who  is  certainly  one  of  the  most  careful  students 
of  the  theory  and  practice  of  the  locomotive,  concludes  that  **as  the  loss  from 
wire-drawing  is  of  little  or  no  moment,  and  as  wire-drawing  was,  to  some  de- 
gree, equivalent  to  an  earlier  cut-off,  it  might  even  prove  advantageous  in  point 
of  economy." 

590.  But  wire-drawing  does  very  seriously  reduce  the  tractive  power 
of  engines.  When  it  occurs  only  when  the  speed  rises  considerably 
above  ordinary  working  speeds,  say  28  miles  per  hour  in  freight  engines, 
or  50  miles  per  hour  in  passenger  encjines,  this  is  no  great  disadvantage, 
because  such  speeds  are  only  desired  when  the  grades  are  favorable  or 
train  light,  and  much  tractive  power  is  not  required  ;  but  when  it  occurs 
to  any  material  extent  with  late  cut-offs  at  ordinary  working  speeds  of  12 
to  15  miles  per  hour,  it  is  more  objectionable. 

591.  Unfortunately,  experiment  seems  to  indicate  quite  uniformly 
that  it  is  rather  the  rule  than  the  exception  for  freight  engines  to  show  a 
considerable  reduction  in  cylinder  efficiency  even  at  their  lower  working 
speeds,  so  that  speeds  as  low  as  it  is  safe  to  use  without  danger  of  the 
train  being  brought  to  a  stop  by  slight  additional  resistance  from  curves, 
grades,  head  winds,  or  bad  track,  do  cause  a  very  material  decrease  of 
available  average  cylinder  pressure  ;  and  hence  the  engine  cannot  possibly 
utilize  its  available  ultimate  tractive  power — i.e.,  very  nearly  slip  its 
wheels — ^at  any  practicable  working  speed,  however  low,  although  the 
difference  is  small  compared  with  the  effect  of  further  increase  of  speed. 

592.  That  it  is  so  is  shown,  perhaps,  as  conclusively  as  in  any  other  way,  in 
the  following  diagrams  (Figs.  134  to  139)  of  the  engine  whose  performance  is 

^  Anna/es  Indus frtW,  Feb.  f  iSSs- 

t  '*  Manual  for  Mechanical  Engineers,"  p.  879. 
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recorded  in  Table  146  and  Fig.  123  (par.  571).     The  same  thing  appears  in  the 
diagrams  accompanying  Mr.  Stroudley's  paper  (par.  570  and  Fig.  122),  where, 

With  a  cut-off  of \  \ 

\t  a  speed  in  miles  per  hour  of 12  m.         30  m. 

/ind  steam-chest  pressure  of 140  lbs.  130  lbs. 

The  average  pressure  was 74.8  lbs.  57.2  lbs. 

The  horse-power  being 262  502 

At  12  miles  per  hour,  with  60  per  cent  cut-off  and  125  lbs.  steam-ehest  pres- 
sure (boiler  pressure  full  5  lbs.  more),  the  average  cylinder  pressure,  was  95.4 
lbs.,  whereas  at  4  miles  per  hour  an  average  of  about  85  per  cent  of  thV  boiler 
pressure  was  obtained  in  the  cylinder— about  the  best  which  is  ever  possible. 

d93e  That  this  should  occur  at  high  speeds  is  practically  unavoidable, 
but  that  it  should  occur  at  slow  speeds  of  less  than  15  miles  per  hour  is 
in  no  respect  a  mechanical  necessity,  nor  does  it  require  any  radical 
modification  of  existing  engines  to  cure  it,  whenever  it  appears  desirable, 
but  merely  some  slight  modification  of  the  valves.  Some  engines  do  not 
show  it,  but  more  do.  The  chief  reason  why  it  is  not  done  is  that  no 
particularly  useful  end  would  be  served  thereby,  since  the  imperfections 
of  the  gradients  and  of  the  locomotive  serve  to  justify  each  other,  by  de- 
stroying to  a  very  large  extent  the  advantage  of  remedying  one  without 
the  other.  It  is  important  that  the  true  nature  of  the  difficulty  should  be 
clearly  understood. 

594.  The  largest  tractive  pulls,  by  far,  on  nearly  all  railways,  are  ex- 
erted in  getting  trains  under  way  from  stopping-places  on  unfavorable 
grades  or  curves.  There  are  few  roads  indeed,  and  those  only  having 
very  heavy  grades,  on  which  the  traction  between  stations  is  the  heaviest. 
So  long  as  this  is  so.  the  neied  is  not  felt  that  an  engine  should  be  able  to 
exert  something  like  its  maximum  pull  between  stations  at  fair  working 
speeds,  and  as  a  very  natural  consequence  their  valves  are  not  arranged 
so  that  they  can  do  so. 

Now,  as  a  rule,  a  large  part  of  the  additional  tractive  force  demanded 
at  stations  may  be  saved  by  more  careful  study  of  the  grades  at  stations ; 
but  if  this  be  done,  and  it  be  attempted  to  increase  the  trains  correspond- 
ingly, the  only  effect  with  very  many  engines  will  be  that  they  will  either 
"  stick  on  the  grades"  or  lose  so  much  time  that  to  utilize  the  improvement 
at  stations  will  be  impracticable.  For  the  same  reason,  if  it  be  endeavored 
to  find  out  where  the  engines  are  really  most  taxed  it  will  often  be  diffi- 
cult to  do  so.  They  slip  their  wheels  most  at  stations,  but  "they  have 
all  they  can  do"  to  make  time  on  the  grades ;  so  that  from  the  bare  face 
of  the  statements  there  will  be  little  to  show  where  the  weakest  point  is. 

{tee  page  ^^^) 
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FiffL  ia6  to  133  were  taken  in  some  tests  on  the  Cindnnati,  New  Orleans  St  Texas 
Padfic  (Cindnnati  Southern)  Railway,  from  a  fine  Baldwin  passenger  engine  of  the  follow- 
ing dimensions : 


Cjlioders 18x94111. 

D>nTefB 6810. 

nr^i^u*  J  on  driTcrt. 60,000  lbs. 

^«»««Ototal     9c;ooolbs. 

Tractive  force  per  pound  of  ar. 

press,  in  cylinder  (Table  151). . .  ii4>4  lbs. 

17.1.M   J  Allen-Richardson: 
ValTes,  ^  Lap  ^  j^  .  j^j^^  ^  j^ 


p.-,.  (steam s6  k  i^in. 

*^°"*M  exhaust 16  »  »}  in. 

Exhaust  nozzle  .« 3^  in. 

(  tubes.... iiSassq.  ft. 

Heating  J  fire-box >33S<1-  ft. 

surface,  j  - 

(     Total MsSiq.ft. 

Grate  area 17  aq.  ft. 


The  train  hauled  consisted  of  8  cars,  weighing  480,000  lbs. 


Fig.  Z99. 

Fig.  X30. 

Fig.  189. 

Fig.  ty>. 

Boiler  pressure 

Cut-oflf 

145  lbs. 
Sin. 

i 
53.4  m. 

37.2  lbs. 

583 
32  lbs. 

145  lbs. 
Sin. 

i 

45.0  m. 

44-3  lbs. 
60S 
22  lbs. 

140  lbs. 
6  in. 

i 

54-6  m. 

32.5  lbs. 

541 
24  lbs. 

135  lbs. 
4  in. 

i 
55.9m. 
28. 0  lbs. 

477 
26  lbs. 

Throttle  ooen 

Soeed 

Av.  cylinder  pressure. . 
Indicated  horse-power. . 
Loss  initial  pressure. . . . 

Figs.  199,  130  show  the  same  effect  of  speed  as  Figs.  136-128  very  forcibly,  both  by 

comparison  of  the  full  and  dotted  diagrams  and  (still  more  forcibly)  by  comparing  the 

solid  diagrams  in  Figs.  ia8  and  139,  which  may  be  said  to  be  taken  under  precisely 

similar  circumstances  (balandng  difference  in  throttle  against  difference  in  boiler  pressure 

except  that 

Fig.  X38.       F-g.  1S9. 

Speed  was 39.1  53.4 

Reducing  average  pressure  from  • 6z.8    to      37.3 

Yet  that  this  does  no  real  harm  to  hauling  capacity  is 
evident  from  the  fact  that  the  horse-power  at  which 
the  engine  was  working  increased  from 549       to     583 

Comparing  the  solid  Fig.  131  with  the  solid  Fig.  137  we  see  that  the  combined 
effect  of  5  lbs.  higher  boiler  pressure,  4  ins.  longer  cut-off,  and  a  throttle  9i  instead  of 
\i  open,  gave  only  a  slightly  higher  average  pressure  (6.8  lbs.),  indicating  that  the  slight 
difference  of  0.8  mile  per  hour  in  speed  very  largely  counterbalanced  all  these  advantages. 
Fig.  133,  contrasted  with  the  dotted  Fig.  139,  illustrates  a  truth  which  might  be  proved 
in  many  other  ways,  that  after  the  speed  gets  fairly  high  it  does  little  or  no  good  to 
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The  pvater  average  pressure  which  should  be 
.    v.-rKSrawinff.    See  also  Figs.  133-135. 


V4I 


Fig.  x3«. 


.  ■  ■  ■ 

Fig.  132. 

1 

142  lbs. 

141  lbs. 

14  in. 

II  in. 

t 

\ 

24.3  m. 

46.9  m. 

?i,3lbs. 

37.9  lbs. 

603 

542 

20  lbs. 

50  lbs. 

JS.S  :rom   excessive  demand  on   the 
.;  .\«  V  by  changing;  the  grades,  while 

V  '.  "rer  :s  caused  by  deficiency  of  cylin- 
v*er  only,  which  is  remediable  for 

V  :'.ost  part  by  trivial  changes  in  the 

j^  By  the  use  of  smaller  drivers, 

X  . !  :  0  cylinder  and  boiler  power  are  in 

■  v:   noreased  proportionately,  so  far  as 

\e  power  in  pounds  is  concerned, 

!C  exj.x?nse  of  speed  ;  so  we  may  con- 

....c  a*  *»^  begiin  (par.  483).  by  saying 

- ,:  A  thin  the  limits  of  necessary  freip^ht 

vxxis   J"y  tractive    power   is    feasible 

.  -.c;!  the  adhesion  between  the  drivers 

»J.  rills  is  capable  of  transmitting.     At 

^  j^^-n^cr  speeds  it  is  quite  otherwise. 

li  -4i>eed.  almost  never  need  to  have  their 
.^.ii.ablc.  and  accordingly  we  find  thai  they 
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often  fall  in  practice  very  far  below  it ;  nor  can  this  be  considefed  an  evil. '  ^t 
a  small  reduction  of  speed  means  a  considerable  increase  of  tractive  power,  we 
see  another  reason  beside  the  fp'eat  aid  given  by  momentum  (par.  397)  why  the 
practical  limit  to  the  power  of  passenger  engines  is  but  little  affected  by  tb« 
grades,  within  moderate  limits,  provided  the  average  speed  is  not  brought  too 
low  by  the  necessary  reduction  at  a  few  points.  1 

597e  Tables  151  and  152  and  Figs.  140  to  148  not  unfairly  represent  the 
average  conditions  of  American  freight  practice.  The  full-line  diagram  in  Fig. 
140  shows  about  the  highest  average  pressure  which  is  ever  practically  realized 
ixcfpi  in  starting,  and  comes  very  near  to  the  latter  in  the  form  of  the  diagraikiy 


Table  191. 

Cyunder  Tractive  Power  of  Various  Engines  for  an  Average 
Effective  Pressure  of  100  Lbs.  Per  Square  Inch.  ' 

diam.*  cylinders  x  stroke 


Formula:  T. 


diam.  drivers 


X  mean  effective  pressure. 


SiZB 

OP  Drivers. 

Si»  OP  Cylindsks. 

Inchbs. 

16  X  a4 

17  X  94 

18  X  a4 

«9  X  84 

«o  X  94 

48 

50 

52 

54 

56 

58 

60 

62 

64 

66 

68 

70 

7a 

12.800 

12.288 
11,815 
11.378 
10.971 

10.593 
10. 240 

9.910 

9.600 

9.309 

9.035 
8.778 

8.533 

14.450 

13.872 

13.339 
12.844 

12.386 

12,237 

11.560 

11.187 

10,838 

10.509 

10.200 

9.909 
9.633 

16.200 

15.553 

14.954 
14.400 

13.886 

13.407 
12,960 

12,542 
12,150 
11,782 

11.435 
11,109 

10.800 

18,050 
17.328 
16  662 
16,044 

15.474 
14.938 
14.440 

13974 
13.538 
13.128 

12.749 
12.377 
12,033 

20.000 
19.200 
18,468 
17.778 

17.143 
16,55a 
16,000 

15.484 
15,000 

14.546 
14.118 

13.714 
13333 

«l 


II 


For  a  Different  Stroke.— For  a  stroke  of  32  instead  of  24  in.,  diminish  the  ubu^ 
lar  tractive  force  for  given  diameter  of  cylinder  and  drivers  by  A.  or  multiply  by  \\  (if). 

For  a  a6  in.  stroke,  increase  the  tabular  quantity  by  A. 

2g   *«  *(  •*  «(  *<  II  II   1 

JO  ••       "  "         "        "  "         "  J,  etc 

For  a  Different  Size  of  Drivers.— The  tractive  force  is  inversely  as  the  diameter 
of  the  drivers,  whence  it  may  usually  be  determined  from  the  above  table  by  a  simple  pro- 
portion, or  computed  directly,  as  also  for  a  different  diameter  of  cylinder. 

One  hundred  pounds  average  pressure  is  as  high  as  can  be  counted  on^  even  in  starting 
from  I  JO  to  140  lbs.  boiler  pressure. 
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LlM.pcr 
■q.  in. 

Boiler  Pr.  119. 

laitial  "    isa.5 

Back     **       •.o 

Mean    **     55^ 


Lbt.per 
tq.  in. 

BoQer  Pr.  135. 

Initial  **    im.o 

Back     **      9.6 

Mean    **     48.9 


Lbe.per 
sq.  in. 

Boiler  Pr.  98. 

Initial  **   78.6 

Back     **     S.8 

Mean    **  33.9 


All  three  of  the  above  diaflrrami  have  the  same  cut-off,  %.    Had  the  full  boiler 

been  as  effective  as  initial  pressure  in  each  diagram,  we  should  have  had— 

Fig.  134.               Fig.  135.  Fig.  136. 

Speed                                    X9.8  M.                 31.66  M  38.76  M. 

Theoretical  mean  pressure  93.66  lbs.             98.01  lbs.  71.15  lbs. 

Actual             ••          ••        55.4                     48.9  33« 

Lossofpmsure                   38.3                    39.x  38.0 


but  there  would  not  ordinarily  be  quite  so  great  a  falling  off  in  initial  pressure, 
although  Fig.  144  shows  a  still  greater  one;  the  main  loss  in  both  cases  being  due 
to  cylinder  condensation.  As  this  is  nearly  constant //r  hour,  it  becomes  a  very 
serious  matter  unless  steam  is  rapidly  passing  through  the  cylinders.     It  will 
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Lbt.per 
■q.  in. 

Boiler  Pr.  140. 

Initial  **   135.8 

BaclK     **      1.0 

Mean    **  111.7 


Lbt.  per 
tq.  in. 

Boiler  Pr.  130. 

Initial  '*   133.8 

Back     ''       a.i 

Mean    **    90.6 


Lbe.  per 
sq.  in. 

Boiler  Pr.  13a. 

Initial 

"   115. 

Biu:k 

"      1.9 

Meat 

7a.t 

Flffs.  134  tn  139,  diaflrramn  of  16x94  American  Bng^ine.  6x-in.  drivers,  uken  on  the  test  trip 
of  which  details  are  g^iven  in  Table  146-7. 

be  seen  that  only  71  per  cent  of  the  boiler  pressure  i.«  realized  \r\  the  cylinders, 
and  that  even  then  it  is  developing  a  fairly  high  average  horse-power.  Both 
Figs.  140  and  141  develop  the  effect  of  higher  speed  to  reduce  tractive  force 
fery  clearly,  and  also  show,  by  the  comparative  indicated  horse-power,  that  it 

31 
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Table  152. 

Indicator  Tests  op  Mogul  Engine,  i8  x  24.  Cincinnati,  New  Orlbams 
&  Texas  Pacific  Railway,  hauling  Train  of  xi  Loaded  and  23  Eifmr 
Cars,  836,000  Lbs. 


Fig.  140. 


Fig.  14X. 


Boiler  pressure 

Cut-off 

Throttle  open.. 
Speed  per  hour 
Av.  cyl.  pres. . 

Ind.  H.  P 

Loss  init.  pres 


140  lbs. 

14  in. 

Full. 

9.4  m. 
99.6  lbs. 

443 
21  lbs. 


135  lbs. 

10  in. 

Full. 
20.0  m. 
62.4  lbs. 

593 
15  lbs. 


130  lbs. 
10  in. 

\ 

24.3  m. 
52.0  lbs. 
602 
28  lbs. 


140  lbs. 
16  in. 

\ 

29.3  m. 

48.8  lbs. 

680 

34  lbs. 


Fig.  S4a. 


Fig.  143. 


Boiler  pressure 

Cut-ofif 

Throttle  open.. 
Speed  per  hour 
Av.  cyl.  pres  . . 
Ind.  H.  P. .  • « . 
Loss  init.  pres 


140  lbs. 
7  in. 

i 
12.5  m. 
47.0  lbs. 

279 
17  lbs. 


132  lbs. 
7  in. 

\ 

27.3  m. 

37.7  lbs. 

491 
20  lbs. 


135  lbs. 

7  in. 

Full. 
35  9  m. 
32.7  lbs. 

558 
9  lbs. 


127  lbs. 
7  in. 

i 
31.2  m. 
30.6  lbs. 

455 
12  lbs. 
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Table  103. 

Indicator  Tests  of  Mogul  Engine,  19  x  24.  Cincinnati,  New  Orlbani 
&  Texas  Pacific  Railway,  hauling  a  Heavy  Freight  Train,  28  Cars, 

WEIGHING.  WITH   LOAD,  969,000  LbS.      AVERAGE  SpKEO  OF  ALL  TSSTS,  26.4 

Miles  Per  Hour.    Average  I.  H.  P.  426. 


Ftc.  S44. 


Boiler  pressure 

Cut-off 

Throttle  open.. 
Spee«l  per  hour 
Av.  cjrl.  pres. . 

Ind.  H.  P 

Loss  init.  pres. 


no  lbs. 
I2i  in. 

I 

18.7  m. 

55-7  lbs. 

460 

10  lbs. 


120  lbs. 
12\  in. 

I 

20.9  ni. 

47.9  lbs. 

440 

29  lbs. 


125  lbs. 
7  in. 

i 
29.4  m. 

30.6  lbs. 

396 
9  lbs. 


132  Ibf. 
7  in. 

f 

27.5  m. 

29.0  lbs. 

351 
20  lbs. 


Boiler  pressure 

Cut-off 

Throttle  npen..| 
Speed  per  hour 
At.  cyl.  pres..- 
lod.  H.  P 


130  IbSw 

7  in. 

\ 

33.2  m, 

31.8  lbs. 

450 

8  lbs. 


130  lbs. 
7  in. 

k 
30  6  no. 

32.1  lbs. 

432 
10  lbs. 


120  lbs. 
12\  in. 

I 

21.9  m. 

43.8  lbs. 

422 

33  lbs. 


130  tbs. 
\2\  in. 

\ 
30.6  m. 

33.9  lbs. 

456 
14  lbs. 
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can  do  no  poaiible  harm,  so  far  a»  lh«  load  bauled  !•  coocemed.  Figs.  14a 
and  143  develop  ihe  same  faeti  siill  more  forcibly.  Seven  of  tbe  eight  dla- 
grama  of  Table  tji,  it  •rill  be  seen,  develop  nearly  the  aame  horse-power,  60a 
being  about  the  maximum  for  this  type  of  engine,  and  amouDtlng  to  35  horse- 
power per  square  foot  of  grate  per  hour — which  is  more  than  can  be  averaged, 
but  ii  often  reached  for  Ihe  moment  (see  par.  SS^)- 

99fi,  Table  153  shows  the  performance  of  a  somewhat  heavier  en- 
gine hauling  a  heavier  train,  but  doing  less  work.  Very  naturally,  the 
cflect  of  speed  to  modify  the  average  cylinder  pressure  is  less  conspicuous. 
In  the  two  diagrams  given  in  Fig.  147  we  see  the  effect  of  speed  to  re- 
duce the  effective  pressure  very  clciirly,  for  Fig,  146  and  others  show 
that  throttling  alone  accounts  for  but  a  small  part  of  the  difference. 

699.  Fi)j.  148  shows  a  couple  of  diagrams  taken  from  a  te:jt  of  a  Coa- 
solidation  engine  on  the  same  road  when  doing  fairly  heavy  work,  about 
30  H.  P.  per  square  foot  of  grate  per  hour,  or  about  So  per  cent  of  an 
everyday  maximum.  The  way  in  which  the  sume  horse-power  is  pro- 
duced and  used  up  in  a  very  different  way  is  very  clearly  brought  out. 
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CHAPTER  XII. 

ROLLING-STOCK. 

600.  One  of  the  greatest  changes  in  the  recent  history  of  American 
railways,  and  one  which  has  contributed  as  powerfully  as  any  to  the  great 
reduction  in  cost  of  transportation  which  has  taken  place,  is  the  marked 
increase  in  the  average  capacity  of  freight  cars — an  increase  which  has 
been  accompanied  by  a  very  slight  increase  in  the  dead  weight  of  the 
cars.  In  Table  154  are  given  the  leading  dimensions  of  both  the  new 
and  old  standard  freight  cars  of  the  Pennsylvania  Railroad,  which  may 
be  accepted  as  in  a  measure  typical  of  all  American  rolling-stock,  and 
the  contrast  is  at  once  evident. 

This  change  has  taken  place  almost  entirely  since  the  first  edition  of 
this  treatise  was  prepared,  in  1876,  and  is  in  good  part  the  result  (and  the 
most  usefnl  result)  of  the  narrow-gauge  movement,  which  concentrated 
attention  upon  admitted  extravagances  of  past  administration.  In  part 
it  is  an  indirect  effect  of  the  introduction  of  steel  rails.  A  still  more  po- 
tent cause,  however,  has  probably  been  the  enormous  increase  in  volume 
of  traffic,  especially  in  bulky  freight  to  be  transmitted  great  distances  at 
low  rates,  which  made  the  last  degree  of  economy  indispensable. 

601.  Ten  or  twelve  years  ago,  ten  tons  (20.000  lbs.)  was  the  ordinary 
maximum  load  for  freight  cars,  24,000  lbs.  only  occasional,  and  30.000 
lbs.  almost  unheard  of;  but  of  the  capacities  now  specified  (1885),  40,000 
lbs.  is  more  common  than  any  other,  anything  less  than  28,000  or  30,000 
quite  exceptional,  and  50.000  lbs.  no  longer  rare.  There  were  in  1885, 
180  flat  cars  and  10  box  cars  of  60,000  lbs.  capacity  on  the  Northern  Pa- 
cific, and  from  2  to  10  of  the  same  capacity  on  a  number  of  other  roads. 
Of  50.000-lb.  or  25-ton  cars  there  are  far  more,  numbering  several 
thousands  on  many  roads,  and  this  bids  fair  to  become  the  standard  coal 
car;  while  there  are  not  a  few  box  cars  in  use  of  that  capacity.  As  fair 
evidence  as  any,  perhaps,  of  the  gieat  increase  in  the  average  car-load  in 
recent  years  is  the  classification  list  of  the  Pennsylvania  Company,  given 
in  Table  155,  which  includes  all  the  freight  rolling-stock  of  that  com- 
pany's system,  existing  in  sufficient  numbers  to  form  a  class,  in  1885. 
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Table  15$  is  interesting,  not  on)y  as  giving  the  average  capacity,  but 
for  the  variety  of  dimensions  appearing  among  the  standard  types  of  a 
single  line.  It  will  be  seen  that  in  these  13  classes  there  are  10  different 
lengths  (not  counting  differences  of  less  than  an  inch),  and  9  different 
widths,  ranging  by  jumps  of  a  few  inches  each  from  7  ft.  5  in.  to  8  ft.  11 
in.;  all  in  freight  service  only.  This  diversity  is  in  part  because  the  cars 
must  be  adapted  to  many  different  uses,  but  in  the  main  it  is  eyidence  of 
the  fact  that  a  process  of  evolution  is  still  going  on,  so  that  the  rolling- 
stock  of  the  country  is  for  the  present  in  a  transition  state.  The  general 
tendency  of  this  process  can  alone  be  stated :.  to  increase  the  capacity  of 
freight  cars  up  to  25  or  even  30  tons  of  paying  load,  and  perfect  their  con« 
struction  so  that  such  loads  may  be  handled  with  safety,  at  fairly  high 
speeds. 

602.  Two  changes  which  may  reasonably  be  expected  to  come 
about  in  the  next  few  years  will  greatly  strengthen  this  tendency,  and 
probably  materially  modify  the  handling  of  freight  trains  as  well — the 


Table  155. 

Classification  List  op  Frxight  Cars  of  the  Pennsylvania  Company, 

1885. 


Kino  of  Cak. 


Long  box* 

Box* 

Refrigerator.... 
it 

ProTition 

Stock  (standard) 


Gondola  (standard) 

(widened) 

**  (standard,  long)  . . 
Drop  bottom  (standard)*. . . 
Hof>per  bottom  (standard)*. 
Stone  flat  (standard) 


CUm. 

Inside  Dimensions. 

Length. 

Width. 

Height. 

Q. 

ft.  in. 
33  «oM 

ft.  in. 
8    4^ 

ft.  in. 
7    4 

M. 

a?    5>4 

7  «xJ4 

5XoJ4 

R. 

a?    4Ji 

7  1*^ 

5    8^ 

M.  ftO. 

ai    5 

7  10 

5  «o 

M.  &0. 

93     « 

7  10 

5  «o 

0. 

33  «o 

8    5 

7    « 

P.  B. 

a9    4« 

8    3 

6    9 

P.  D. 

ag    8% 

8    0 

a    6 

P.  E. 

39    89i 

8    4 

•    6 

E. 

33    0 

7    5 

a    6 

D. 

33    0 

7    5 

a    6 

c. 

•3    5 

7    7 

3  " 

S. 

35    7 

8  XX 

•  •  •  • 

Standard 
Capacity. 


lbs. 
40,000,  5o/x» 

a6,  30,  40.000 

40.000 

40,000 

40,000 

40,000 
3w,  a8,  30,000 
36,  30,  40,000 
50,000,  60,000 

40,000 

40,000 

50,000 

50,000 


Standard  height  of  floor  from  rail,  all  cars,  4.0^.  P.  D.  gondolas,  built  before  present 
standards  were  adopted,  have  sides  only  20  in.  and  3  ft.  high. 

The  weights  of  these  cars  are  substantially  the  same  as  those  for  the  Pennsylvania 
Railroad,  given  in  the  preceding  table,  those  marked  *  being  substantially,  if  not  exactly, 
the  same  cars. 
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adoption  of  some  form  of  automatic  coupler,  and  the  adoption  of  a 
freight- train  brake.  The  effect  of  all  these  causes  combined  will  prob- 
ably be  to  assimilate  the  handling  of  freight  trains  more  and  more  to  the 
handling  of  passenger  trains,  except  that  the  speed  will  be  much  more 
variable :  as  low  as  now  on  heavy  grades,  but  very  much  higher  on  the 
easier  sections  of  the  line,  where  great  tractive  force  is  not  demanded, 
and  where,  consequently,  higher  speed  is  entirely  feasible.  As  the  ordi- 
nary passenger  piston  speed  is  not  found  to  be  injurious,  we  may  expect 
with  some  confidence  that  at  no  distant  day  m^imum  freight  speeds  of 
28  to  30  miles  per  hour,  which  would  give  about  the  same  piston  speed, 
will  be  established  in  general  practice. 

The  effect  of  this  change  will  be  to  greatly  facilitate  the  hauling  of 
heavy  trains,  even  without  considerable  modification  of  gradients,  for 
reasons  discussed  in  Chapter  IX.,  and  elsewhere.  With  the  more  per- 
fect road-beds  and  track  which  become  every  year  more  general  there  is 
no  reason  to  believe  that  wear  and  tear  will  be  materially  increased, 
while  the  cost  of  power  per  ton-mile  will  certainly  be  rather  less  than 
more,  not  only  because  of  the  less  time  afforded  for  radiation  of  heat 
from  the  exterior  of  the  locomotive  and  journal-boxes  and  interior  of  the 
cylinders,  but  from  less  destruction  of  energy  by  brakes,  since  it  can  be 
stored  in  the  train  in  the  form  of  velocity,  and  afterwards  used,  to  a 
much  greater  extent. 

603i  The  primary  requirement  for  the  attainment  of  this  desirable  end 
is  the  adoption  of  a  freight-train  brake,  and  fortunately  there  now  appears 
every  prospect  that  some  approved  form  of  freight-train  brake  will  come  into 
general  use  within  a  few  years,  and  thus  greatly  simplify  the  problem  of  ob- 
taining the  most  favorable  virtual  gradients  cheaply,  in  addition  to  the  direct 
advantages.  The  latter  alone  are  much  considered  by  the  public,  but  on  cer- 
tain  lines  at  least  their  effect  on  the  virtual  gradients  will  almost  certainly  be  of 
more  financial  importance,  and  make  the  expenditure  for  train-brakes  a  most 
profitable  one.  independently  of  the  greater  safety  and  convenience. 

604f  The  ultimate  solution  of  the  problem  of  automatic  couplers  is  a  more 
doubtful  matter,  and  it  may  be  well  on  toward  the  close  of  this  century  before 
automatic  couplers  come  into  use.  To  the  highest  efficiency  of  train-brakes 
they  are  almost  essential,  and  the  breaking  in  two  of  trains  is  another  evil, 
tending  to  discourage  the  hauling  of  heavy  trains,  which  they  will  very  largely 
remedy.  The  chief  obstacle  to  their  introduction  is  and  has  always  been,  not 
the  mechanical  difficulty  of  the  problem,  but  the  fact  that,  owing  to  the  contin- 
uous interchange  of  cars,  no  real  benefit  would  be  derived  from  such  a  coupler 
until  it  bad  come  into  almost  universal  use,  whereas  a  passenger-coupler  was 
as  useful  to  the  road  applying  it  as  it  ever  could  be,  as  soon  as  it  was  applied 
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to  their  own  cars,  or  even  to  a  few  trains.  The  consequence  of  this  difference 
it  thmt  the  usual  cut-and-try  process  of  development  and  survival  of  the  fittest 
was  impossible  with  freight  couplers,  whereas  the  first  practicable  passenger- 
coupler  was  adopted  by  a  few  roads  almost  immediately,  from  which  the  conta- 
gion of  example  sped,  each  gaining  the  full  benefit  of  their  own  expenditure  as 
poon  as  made,  and  losing  nothing  by  the  backwardness  of  others. 

The  greatest  immediate  obstacle  to  a  general  agreement  on  some  one 
freight-coupler,  or  on  two  or  more  couplers  working  well  together,  is  the  exist- 
ence of  two  distinct  types  of  such  couplers,  which  have  become  known  as  the 
"link"  and  (by  a  somewhat  awkward  and  inappropriate  term)  *' vertical-plane" 
or  lateral-hook  couplers.  The  link  type  resembles  more  or  less  closely  the 
ordinary  form  of  coupler,  but  j'\ 

arranged  to  work  automatical-  i 

ly,  and,  in  the  best  types,  dis- 
pensing with  loose  links  and 
pins.   The  hook  type  is  model- 
led after  the  couplers   which 

have  been  so  successful  in  pas-  J^       j      I 

senger  service.  Fig.  149  shows  •' 

one    of    the    most   approved  ^'°-  «49 -Ames  (Link)  CAR-couPLa.. 

forms  of  link-couplers — the  Ames,  and  Figs.  150,  151  one  of  the  most  approved 
forms  of  hook-couplers— the  Janney.     Neither  of  these  couplers  has  been  se- 


Fig.  150. 
Jannby  (Hook)  Car-couplbr. 


Fig.  151. 


lected  for  illustration  as  the  best  of  its  type,  but  merely  as  fairly  representative 
and  among  the  best  and  most  approved. 

609.  Each  of  these  types  has  strong  advocates,  but  it  may  be  expected  with 
some  confidence  that  the  hook  type  will  ultimately,  and  perhaps  very  speedily, 
prevail,  for  the  reason  that  it  insures  a  steadier  and  smoother  motion  of  the 
train  by  doing  away  with  loose  slack,  which  is  the  chief  provocative  of  breaking 
in  two  of  trains  and  of  broken  draw-bars  and  other  damage,  while  it  has  been 
proved  not  to  be  of  appreciable  advantage  in  starting  heavy  trains.     There  is 
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a  general  impression  to  the  contrary,  and  not  a  little  floating  evidence;  bat  la 
careful  tests  at  Burlington,  la.,  1886,  it  was  found  that  there  was  nothing 
gained  by  loose  slack  more  than  could  be  secured  by  first  backing  the  locomo- 
tive against  brakes  set  at  the  rear  of  the  train,  and  so  compressing  the  springs 
throughout  the  train.  On  the  locomotive  starting  forward  the  compressed 
springs  give  a  push  to  each  car,  and  this  push  seems  to  be  more  effective  than 
when  the  same  thing  is  done  with  a  train  having  slack. 

As  several  good  couplers  of  each  type  now  exist  which  will  work  quite 
well  together,  nothine  now  impedes  a  decision  of  the  coupler  question  except 
the  existence  of  these  two  types,  each  of  which  has  certain  advantages* 
The  advocates,  of  each  are  indisposed  to  proceed' very  actively  with  the  equip- 
ment of  their  cars  until  the  vexed  question  of  a  choice  is  settled. 

606t  In  Table  156  are  given  various  details  as  to  certain  very  large  or 
heavy  freight  cars,  and  in  Table '157  the  leading  dimensions  of  the  more  usual 
passenger  cars.  In  respect  to  the  latter,  the  tendency  is  more  and  more  toward 
the  use  of  the  heavy  sleeping  and  drawing-room  cars  for  a  large  percentage  of 

Table  156. 
Dimensions  op  Certain  Very  Large  and  Heavy  Freight-Cars. 


Length  over  sills 

Width  over  sills. 

Length  over  roof 

Width  over  roof. 

Inside  length  . . . 

**      width 

•*      height. . . . 

Extreme  height . 
length. 

Total  wheel-base 

Weight 

Capacity 


Furniture 

Car 

Chicago  & 

N.  W^. 

Railway. 


ft.  in. 

38  O 

8  6 
38  7i 

9  li 
37  6i 

8  oi 

8     5* 

13  8i 
40  Hi 
31  lof 


40,000  lbs. 


M.  C.  B. 

Standard 

6o,ooo-1b. 

Box  Car. 


ft.     in. 
35     O 


9 

34 

9 


o 
o 
o 


II  10* 
31    6 


I 


60,000  lbs. 


Pile-driver 

Car 

Ga.  Central 

Railroad.t 


ft     in. 
44     O 
10    o 


32,000  lbs 
+39,000    •* 


Philadelphia 

&  Readtog 

Standara 

Cool  Car. 


ft.     in. 
24    O 


7 
22 

7 


6 
o 
6 


i 


7  II 
24    6 

18,480  lbs. 
56,000    •• 


^  To  top  of  brake-shaft,  is  ft  to  in. 

t  Leaders  to  hammer,  40  ft.  high,  uking  a  pile  x8  in.  X  50  ft;  58,000  lbs.  on  one  truck  when 
moved  back  to  let  the  front  of  the  car  project.    Four  trucks  in  all.    Hammer,  8000  Ibt. 
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the  travel,  and  many  through-trains  consist  of  them  almost  exclusively — a  fact 
which  tends  to  make  the  rate  of  long  grades  and  of  grades  at  stations  of  almost 
as  much  importance  to  them  as  to  freight  trains,  but  owing  to  the  fact  that,  by 
varying  high  velocities  slightly,  a  great  difference  in  tractive  power  on  up 
grades  results,  and  all  but  quite  long  grades  may  be  operated  almost  as  virtual 
levels  (par.  397),  the  disadvantage  of  dead  weight  is  very  much  less  in  passen- 
ger service  than  is  sometimes  assumed,  and  the  tendency  toward  luxury  in  that 
respect  may  be  expected  to  continue. 

Drawings  and  dimensions  of  a  great  variety  of  cars,  and  of  all  car  details, 
will  be  found  in  the  Car-Builders'  Dictionary,  as  revised  by  the  writer. 

Table  157. 
Leading  Dimensions  and  Weight  of  Sundry  Passenger  Cars. 


Pinna.  Railroad. 
Standards. 


Passenger* 

B»ggage 

Postal 

Sleeper  (old  style). . . 

Dining  I  (C,  B.  &  Q.) 

Monarch  sleeping-cars.. 

Mann  sleeping-cars. 

Parlor  Car  (B.&  O.R.R.) 

Woodruff  sleeper.  . . 

Harl.  ft  H.  Co.,  ist-class 
passenger 


Lbngth. 

Width. 

Height 

Weight 

Capacity. 

Out  to 
Out. 

Body. 

Body. 

Max. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

lbs. 

Pass. 

t46    6 

5a    9 

9  10 

10    i9^ 

M    iK 

♦44.989 

51 

40    0 

46    0 

9  »<44 

«o    1« 

14    x« 

32.000 

•  •  •  • 

t6o    9>4 

66  ii9i 

9  «oH 

10    i« 

14    iH 

58,000 

ao.ooolbs 

I58    0 

64    8 

10    0 

10    I 

13  xo 

•  •  •  • 

•  •  • 

64    0 

•  •  •  • 

xo    4 

10    6 

14    a 

8a.5oo 

xosec. 

•  •  •  • 

75    0 

•    a   •   ■ 

•  •  •  • 

•  •  •  • 

75.000 

•  ■  •  ■ 

•  •  • 

•  •  •  • 

•   •   •    ■ 

•  •  •  • 

•  •  •  • 

71,000 

•  •  •  • 

58    0 

65    0 

9    6 

xo    0 

«4    0 

70,000 

98 

•  •  •  • 

7X    0 

•  •  ■  • 

10    3 

«5    5 

60,000 

•  •  •  • 

49    6 

57    8 

9    6 

•  •  •  • 

X3    6 

•  •  •  • 

58 

Weight 

One 
Truck. 


lbs. 
7,aoo 


I  «5.S<» 


16, 


*  The  Lehigh  Valley  standard  passenger  car,  of  the  same  general  dimensions  as  this,  weighs 
45,136  lbs.;  one  truck,  8634  lbs. 

t  Centre  to  centre  of  truck,  33  ft.;  7  ft.  wheel-base. 
X  Centre  to  centre  of  truck,  46  ft.  a^i  in  ;  xo  ft.  wheel-base. 
I  Centre  to  centre  of  truck,  44  ft.;  X4  ft.  wheel-base. 
I  Six-wheel,  xo  ft.  6  in.  wheel-base. 

Sleeping-cars  have  usually  12  sections  and  a  state-room  and  smoking-room  ;  sometimes 
only  10,  rarely  14;  and  a  few  cars  have  16  sections,  but  without  state-room  or  smoking- 
room.  Many  sleepers  and  parlor  cars  weig^h  75,000  to  78,000  lbs.  Pullman  sleeping-cars 
built  for  English  service  are  much  narrower  than  in  American  practice,  and  weigh  only 
some  48,000  lbs. 
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CHAPTER  XIII.  ' 

TRAIN     RESISTANCE. 

607.  Although  over  fifty  years  have  passed  since  experimental  inves- 
tigations in  respect  to  it  began,  tliere  is  no  single  element  of  train  re- 
sistance whose  laws  can  be  said  to  be  definitely  known.  Within  the 
years  1875-188$,  however,  much  progress  has  been  made,  and  although 
our  knowledge  is  still  defective,  yet  the  limits  of  error  are  'now  quite 
narrow. 

606.  Train  resistance,  properly  so  called,  may  be  defined  as  the  sum 
of  all  the  resistances  which  constitute  a  tax  upon  the  adhesion 
of  the  locomotive ;  thus  excluding  all  those  resistances  which  are 
internal  to  the  locomotive  itself,  and  hence  are  a  tax  upon  the  cylinder 
(>ower  only,  which  is  a  much  less  serious  matter.  These  latter  resist- 
ances are  (1)  all  the  friction  of  the  valve-gear,  piston,  and  connecting- 
rods,  and  (2)  all y^Mr/f^/- friction  of  the  driving-wheels.  The  resistances 
which  do  tax  the  adhesion  are  (i)  the  roUing-ixxoxXovi  proper  (between 
wheel  and  rail,  Fig.  152)  of  the  drivers,  with  (2)  both  the  rolling  and  the 
journal  friction  of  the  truck-wheels,  or  of  any  other  wheels  not  drivers; 
(3)  all  head  and  other  atmospheric  and  oscillatory  resistance  of  the  loco- 
motive ;  (4)  all  grade  resistance  of  the  locomotive  and  (5)  all  resistances, 
of  every  kind,  of  the  train  behind  the  locomotive. 

609t  Simple  as  would  seem  the  problem  of  determining  what  is  and 
what  is  not  a  tax  upon  the  adhesion,  frequent  errors  have  arisen  in  de- 
termining it,  both  by  including  among  the  resistances  which  tax  the  ad- 
hesion the  journal-friction  of  the  drivers  and  even  the  friction  of  the 
machinery,  and  by  excluding  from  it  the  atmospheric,  oscillatory,  and 
ev^h  grade  r^istance  of  the  locomotive. 

olOi  It  teems  especially  plausible  to  assume  that  all  resistances  which  would 
itill  exist  if  the  engine  were  a  dead  engine,  with  disconnected  side  rods,  hauled 
by  another  engine  in  front  of  it,  are  a  tax  upon  the  adhesion  when  the  engine 
is  under  steam.  This  is  not  correct,  for  it  includes  as  a  tax  on  the  adhetioD 
the  considerable  item  of  the  journal  friction  of  the  locomotive. 

The  true  test  for  what  is  and  is  not  a  tax  upon  the  adhesion,  is  to  sonceiYo 
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the  locomotive  to  be  stationary  and  lifted,  from  the  rails  with  belts  on  th^ 
drivers.  Whatever  power  would  then  be  lost  by  friction  within  the  locomotive 
itself,  before  it  reached  the  belts,  is  similarly  consumed  in  the  locomotive  with- 
out taxing  the  adhesion.  All  the  remainder  of  the  power,  including  any  loss 
by  the  friction  or  wear  of  belt  or  driver,  would  be  transmissible  only  by  the  ad- 
hesion of  the  belt  to  the  driver,  and  the  measure  of  that  adhesion  would  be  the 
measure  of  the  net  power  of  the  engine  aside  from  its  own  internal  friction. 

The  locomotive  engine,  in  fact,  is  to  all  intents  and  purposes  a  mechanical 
equivalent  for  a  stationary  engine  with  fly-wheel  and  belt,  the  rail  being  the 
belt.  Only,  instead  of  the  engine  being  stationary  and  the  belt  moving,  the 
belt  is  stationary  and  the  engine  moves  along  it.  The  locomotive,  it  is  true, 
uses  a  large  part  of  its  power  in  raising  and  lowering  itself  on  grades,  but  a 
stationary  engine  might  easily  be  made  to  do  the  same  without  altering  any  of 
its  essential  features. 

611.  Regarding  train  resistance,  therefore,  as  the  sum  of  all  those  re- 
sistances which  tax  the  .    . 

adhesion,   they   may   be  ^      ^^ 

subdivided  as  follows : 

1.  The  jaurnai'/ric- 
Hon,  between  journal  and 
bearing.  ^^^'  '5«- 

2.  The  rolling-friction  proper t  between  wheel  and  rail,  from  the  cause 
outlined  in  Fig.  152.  « 

Both  these  together  are  commonly  included,  both  in  this  volume  and 
elsewhere,  under  the  general  name  of  ROLLING-FRICTION,  and  their  ag- 
gregate only  has  been  determined  with  approximate  exactness.  Experi- 
ment indicates  that  their  aggregate  varies  somewhat,  but  not  materially, 
with  the  velocity. 

612.  The  three  following  are  known  collectively  as  the  "  velocity  re- 
sistances;" and  experiment,  so  far  as  it  goes  (which  is  not  far),  seems  to 
agree  with  the  requirements  of  theory,  that  they  should  vary  as  the 
square  of  the  velocity  : 

3.  Atmospheric  head  and  tail  resistance,  including  the  head  resistance 
of  the  locomotive  and  of  the  front  car  above  the  tender,  and  that  result- 
ing from  the  snction  of  the  last  car. 

4.  Atmospheric  side  resistance,  including  that  between  the  successive 
cars. 

5.  Additional  rolling  and  journal  friction  resulting  from  osciltation 
and  concussion. 

As  with  the  rolling-friction,  the  aggregate  of  these  three  items,  and- 
especially  of  the  last  two,  is  far  better  known  than  the  separate  impor* 
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tance  of  each.  The  doubt  on  this  subject  goes  so  far,  indeed,  that  some 
modern  formulae  of  reputation  (e.g..  the  two  compared  with  the  author's 
in  Table  i66)  assume  the  velocity  resistance  to  be  all  atmospheric,  while 
others  assume  it  to  be  all  oscillatory. 

613i  An  additional  velocity  resistance,  but  one  not  commonly  so 
called,  and  too  easily  forgotten  to  be  an  element  of  train  resistance  at 
all,  although  an  essential  and  important  element  thereof,  is — 

6.  Stopping  and  starting  resistance.  The  nature  of  the  large  addition 
which  it  makes  to  the  permanent  train  resistance  has  been  considered  in 
par.  368  et  seq. 

Finally  we  have,  as  the  only  known  and  invariable  element  of  train 
resistance — 

7.  Grade  resistance,  which  is  sensibly  the  same  rate  per  cent  of  the 
total  weight  of  the  train  as  the  rate  per  cent  of  the  grade ;  i.e.,  20  lbs. 
per  ton  of  2000  lbs.  for  each  i  per  cent  of  grade  (par.  382). 

On  badly  located  lines  only  we  need  also  to  consider — 

8.  Curve  resistance.  On  any  well-located  line  its  amount  is  consider- 
ed only  for  the  purpose  of  making  such  reduction  of  grade  as  shall 
eliminate  it  altogether.  Therefore,  after  once  completing  such  a  line  it 
does  not  constitute  an  element  of  train  resistance  which  affects  the 
movement  of  trains. 

614*  Another  element  of  tr^in  resistance,  in  a  certain  sense,  is  hrake-fric^ 
Hon.  While  it  will  be  most  appropriately  considered  in  this  chapter,  as  relat* 
mg  to  its  general  subject,  it  can  only  in  a  very  figurative  sense  be  said  to  be  an 

element  of  train  resistance, 

VH.\ 
\ 


5^N 


properly  so  called.  The 
simplest  method  of  compu. 
ting  the  <  fficiency  of  brakei 
is  given  beneath  Table  118, 
page  336.  and  Fig.  153 
outlines  the  principle  of 
the  method  there  given.  It 
need  only  be  added  that  the 
average  retarding  efficien- 
cy of  brakes  may  be  now 
(1^90)  considered  at  from  10  to  14  per  cent  i^//^  load  on  the  braked  wheels  \t\  pas- 
senger service,  with  air-brakes,  and  from  2\  to  5  per  cent  with  hand  and  driver 
brakes  on  heavy  freight  trains.  The  safe  pressure  on  the  brake-shoes  is  not 
much  over  two  thirds  of  the  load  on  the  wheels.  The  maximum  retardation, 
which  has  ever  been  realized  was  with  an  ingenious  apparatus  devised  by  Mr. 
Westinghouse,  by  which  the  pressure  was  very  great  at  high  speeds  and 


<if  ■• 


STOP  ON  DESCENDING  GRADE 
Fig.  153. 
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Table  158. 

Maximum  Efficiency  of  Power  Brakes  during  all  Parts  of  Stops  in 
Passenger  Service  or  with  Short  Freight  Trains. 

[Abstracted  from  computations  by  the  writer,  being  averages  of  a  large  number  of  stops.] 


Per  Hour. 

Ratios  op  Brake  Rbtarda> 

TioN  TO  Load 

on  Braked  Wheels. 

Ratios  op  Brak|c 

Retardation  to 

Pressure  on 

Brake-blocks. 

PoinoNS  OP  Stops. 

Westinghouse 
Brake. 

Smith 

Vacuum 

Brake. 

Gallon.    Theoreti- 
cal (Table  iia) 
Uniform  Pressure. 

Regular 
Stop. 

Against 
Engine. 

After  10 
Sections. 

IniUal. 

IjaM/rmctiom  of  loo  ft 

8  to  lo 

30 
98 

35 

40 

44 

47-5 
50 
5a 

ao.9 

«3-9 
I4-7 

«3-75 

ia.9 

14. a 

«4.8 
M  75 
(4-5) 

19.3 
ia.9 

«4-5 

J    13-6 
"•95 

}    "3-85 
1    13.8 

«3-3 
(11.6) 

(8.65) 

«9-3 
II. 6 

11.6 

M.45  l 

9-95  r 

10.75 

8.9    f 

8.4 

8.7 

34.0 

«3-3 
II. 9 

8.5 
7.7 
7.3 
70 
6.7 
6.4 

35.0 
18.9 

PrecediniF  loo  ft 

17. 1 

«5.3 
«4.4 
138 

M       W 

M     »c 

M       •• 

i«      u 

13. 0 

•t     •* 

II. 0 

ATcrages,  excluding  last 
fraction  of  loo  f L 

30  to  53 

14. 15 

1368 

10.00 

8.6 

M-35 

N.  B. — The  "average  speed"  given  in  the  first  line  of  this  table  is  for  the  period  of  a 
stop  beginning  at  15  to  ab  miles  per  hour  and  ending  at  zero,  so  that  it  averages  8  to  xo 
miles  per  hour. 

For  the  original  records  of  these  stops,  with  very  valuable  further  data  on  brake 
efficiency  and  the  laws  of  brake  friction,  see  Dredge's  "  Pennsylvania  Railroad  "  (Wiley  & 
Sons). 

From  analysis  of  these  and  other  data  the  writer  concluded  that  the  following  ratios 
represent  the  maximum  efficiency  of  brakes  in  ordinary  practice,  being  such  as  is  fairly 
attainable,  and  is  in  fact  attained  under  favorable  conditions  with  all  in  good  order  and 
with  the  best-known  appliances  : 

Retardation  0/  Brakes  in  per  cent  0/  Load  on  Braked  Wheels, 

Witk  special  apparatus  not  in  practical  use  : 

About  onefi/th^  or  ao  per  cent  at  all  speeds. 
Witk  efficient  power  brakes  0/  ordinary  type : 

At  speeds  decreasing  from  15  to  ao  miles  per  hour,  about  onefiftk  or  ao  per  cent. 

At  all  speeds  exceeding  15  to  ao  miles  per  hour,  about  one  seventk^  or  14.14  per  cent. 

For  entire  stops  of  long  trains  at  high  speeds,  including  lost  time  in  applying  full 
brake-power,  one  eigktk  to  one  ninth. 
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was  rcdoced  aatomatically  as  the  speed  i€SL  so  as  to  keep  the  fetardatioa  just 
witliio  the  oatrlj  constant  force  necessaiy  to  skid  tbe  wheels,  which  is  one 
fbarth  of  the  insistant  weight.  This  apparatus,  moreoTer,  was  applied  only  to 
a  single  car,  and  thus  did  away  with  another  serious  obstacle  to  the  efficiency 
M  brakes — that  it  takes  a  considerable  time  after  they  are  applied  on  the  engine 
for  then  to  even  begin  to  apply  on  the  last  car.  With  50-car  freight  trains 
over  ten  seconds  is  lost  in  this  way. 

With  this  apparatus  an  average  efficiency  of  OTer  0.2  was  obtained  for  the 
entire  stop;  bat  it  has  never  been  introduced  into  service,  extreme  efficiency 
not  being  the  end  aimed  at  so  much  as  cheapness,  simplicity,  and  certainty 
of  action.  It  is  possible  that  the  near  future  will  bring  about  considerable 
differences  in  the  brake  question,  and  until  then  it  is  dangerous  to  prophesy. 

619.  In  the  analysis  of  the  preceding  elements  of  train  resistance,  and 
in  presenting  and  reconciling  the  inconsistencies  of  the  experimental 
facts  on  record,  a  volume  might  easily  be  written,  and  perhaps  not  un- 
profitably ;  but  for  our  immediate  purpose  it  will  suffice  to  dismiss  at  once 
a  large  fraction  of  such  experimental  facts— or  what  purport  to  be  such, 
but  are  not — as  for  one  reason  or  another  worthless  as  practical  guides. 

616.  From  a  practical  point  of  view,  train  resistance  must  be  considered 
from  two  aspects,  viz. : 

I.  As  rfiptcts  freight  trains,  to  which  speed  is  unimportant  compared 
with  hauling  the  largest  possible  loads  over  the  points  of  maximum 
resistance. 

a.  As  respects  passenger  trains,  to  which  the  possibility  of  high  speed  is 
the  more  important  consideration. 

In  each  case  formulae  which  deal  with  the  car  resistance  only,  neglect- 
ing the  head  and  rolling  resistance  of  the  engine,  are  comparatively 
valueless.  What  we  need  to  know  most  is  the  sum  of  all  the  resistances 
which  tax  the  adhesion.  We  will  consider  each  class  of  train  resistance 
separately. 

FREIGHT-TRAIN   RESISTANCE. 

617.  The  best  existing  evidence  known  to  the  writer  as  to  what  is  the 
absolute  amount  of  the  train  resistance  of  entire  American  freight  trains 
in  the  ordinary  routine  of  service  are  the  observations  made  at  the  Bur- 
lington, la.,  first  (1886)  series  of  brake  tests.  These  tests  were  for  the 
primary  purpose  of  determining  precisely  how  much  difference  there 
/night  be  in  the  normal  train  resistance  of  the  various  trains,  apart  from 
the  action  of  the  brakes.     They  were  made  by  the  "  gravity  method  "  de- 
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scribed  in  Appendix  A.  the  train  being  caused  to  approach  the  starting 
post  at  as  nearly  as  miglit  be  20  miles  per  hour,  when  steam  was  shut  off 
and  the  train  permitted  to  run  over  a  very  slight  down  grade  till  it  came 
to  a  stop.  It  was  then  caused  to  approach  a  succeeding  stop*po8t  at  a 
sharp  down  grade,  having  a  slightly  curved  alignment,  at  5  miles  per 
hour,  and  permitted  to  acquire  what  velocity  it  would  (about  35  miles 
per  hour)  for  a  certain  distance.  There  was  no  wind ;  and  the  ther» 
mometer  averaged  about  80"  Fahr.  The  results  of  the  tests  are  summa- 
rized in  Table  160  and  Fig.  154.  which  may  be  accepted  as  an  almost 
absolutely  accurate  record  of  actual  resistances'**  over  the  entire  range  of 


Pic  154— RxscTTJ  <>r  Tw«  Bc^tJwoTO'!*,  Ia  ,  TiwTs  f>r  TM*  %9xtvtAnc%  f>9  Eirrrmr  tiiAtm% 


\^  Sf, ^%« » »i2EC»  IS  Tasi.c  tfA,i'\f.it 


y<>. 


[Co«paceil  bif  the  ttutzhryft  *hr*-g»a  in  Ta6{«  ty^  on  !ot;o>»inj^  P^fre.  and  »iv  App4*iKfiX  A.'l 

fTlie  rfocwrf  lines  c 
bie  r^D     The  dnite 
S63  and  Appendix  A. , 


(Tlie  rfocwrf  lines  ^^99  'Me  ''escA  matie  on  cnrred  tr»ck  rr^recred  tor  rorve  ffn**i»r\e^  ^Jf^ 
Table  r6o     The  dntted  Uoe  marked  "A.  M.  W,"  m  ihac  gi^en  O7  the  writer' *  1r,rm\i\m,  rtg. 


of  the  cam  anr*  a.;  '-,r,'n»r  mr>rl  fyinaf  '-if.umsranccs.     Th«^r<?fore   h«  can  ^mjcI* 
for  the  aitrurar.y  '-^f  -h**  r'*MairA.  whinh  s<i»m  somr^jphat  peculiar 
32 
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Table  159a 

Manner  op  Computing  Gravity  Tests  of  Train  Rbsistancb  op  Entirb 

Freight  Trains. 

Speeds  decreasing^  from  20  miles  per  hour — 25  mixed-car  trains,  la  loaded,  13  emptj,  witb 
dynamometer  car  and  way  car — American  17  x  24  in.  eng^ines. 

[Computed  by  the  writer  from  teat  runs  down  a  slight  grade  with  steam  shut  off,  at  the 

Burlington,  la.,  freight-train  brake  tests,  July,  x886.] 

(This  table  covers  only  the  computation  of  the  four  lowest  resistances  in  Fig.  154, 
marked  "  Westinghouse  Tangent.") 


Station. 

Elev. 
Track  at 

Train. 

Speed. 

Miles 

Per  Hour. 

Vel.-Hrad 

(by  Table 

118). 

Virtual 
Elevation. 

Differ- 
ences in 
ditto. 

Pounds 
Per  Ton 
Resist- 
ance. 

0.. ..;... . 

724-2 
723.0 

721.3 
720.0 

715.8 

710.2 

21.5 
21.3 
20.6 
21.0 
21.0 

23.9 

16.4 
16. 1 

15. 1 

15.7 

15.7 
20.3 

740.6 

739-1 
736.4 
735.7 
731   5 
730.5 

I  000 

1.5 
2.7 

1.7 

4.2 

I.O 

2  000 

a  000 

A   000 

c  000 

First  5.000  feet 

21.55 

2   22 

4.44 

6,000 

704.4 
702.4 
701.6 

6993 
698.1 

24.8 

25.3 

25-3 

24.3 
24.2 

21.9 
22.7 
22.7 
21.0 
20.8 

720.2 

725.1 

724.3 
720.3 

718.9 

3-3 
I.I 

0.8 

4.0 

1.4 

7.000 

8,000 

Q.OOO 

10,000 • . 

Second  5.000  feet. . .. 

24.78 

2.12 

4.24 

11,000 

694.4 
692.0 
694.2 
695.0 
697.0 

24.6 

24.5 
21.8 

19.8 
17.2 

21.5 
21.3 
16.9 

13.9 
10.5 

715.9 
713-3 
711. 1 

708.9 
707.5 

3.0 
2.6 
2.2 
2.2 
1.4 

12,000 

1%  000 

Id. 000 

15.000 

Third  s.ooo  feet 

2.28 

4.56 

16,000 

608.5 

695-9 
693.1 

690.3 

684.4 

14.3 

14.6 
16.2 

16.7. 
18.5 

7.3 
6.6 

9-3 

9-9 
12.2 

705.8 

702.5 
702.4 
700.2 
696.6 

1.7 

3.3 
O.I 

2.2 

17.000 

18.000. 

19  000 

20,000 

3.6        

Fourth   <!.ooo  feet 

2 . 1 8  1       .  ':6 

21,000 

682.2 
684.3 
682.5 

19.0 
16.4 

15-4 

12.9 
9.6 

8.4 

695.1 

693-9 
690.9 

1.5 
1.2 

3.0 

22.000 

23,000 

. .    '  •  •  •  • 
. .      •  •  •  • 

«  cxjo  feet 

16.93 

1.90 

Entire  %\  000  feet. . . . . 

20.51 

2. 16 

1 

A 
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As  an  illttstration  of  the  accuracy  of  the  method,  at  station  9000  the  resistance  wiU  bt 
observed  to  be  abnormallj  large.  The  same  peculiarity  ran  through  all  the  disframi. 
It  was  found  on  investigation  that  the  track  at  9cxx>  (which  was  in  the  hoUow  of  a  grade) 
had  been  reballasted  after  the  profile  levels  were  taken  and  raised  by  some  unknown 
amount  (probably  something  over  a  foot),  accounting  for  the  error.  All  the  irregularitist 
of  the  table  are  due  to  two  defects  of  observation  :  (i)  Lack  of  absolute  precision  in  th« 
track  elevations,  and  (2)  lack  of  exact  correctness  in  the  speeds  read  off  from  the  dyna* 
mometer  record,  which  was  on  a  scale  of  ^  in.  per  mile  per  hour,  or  a  ft.  of  paper  per  milt 
run.  To  attempt  to  compute  the  resistance  separately  for  each  successive  1000  ft.  it  a  very 
crudal  test  of  the  accuracy  of  the  method,  and  a  quite  unnecessary  one  from  a  practical 
point  of  view.  The  computations  over  5000  ft.  stretches  are  very  regular,  illustrating 
that  no  other  method  can  approach  this  in  precision  and  certainty. 

The  weights  of  the  trains  tested  were  as  follows,  in  tons  of  aooo  lbs. : 


25  box<ars,  empty  weight 

12  loads,  at  20  tons  each  r 

Equalizing  load,  when  used 

Dynamometer  car,  with  15  persons. . . 
Way  car,  with  10  persons 

Total  train 

Engine  on  drivers 

**       on  truck 

Tender  empty 

••  •  * 

Total  engine  and  train \ 

Of  which  there  was  braked 

Per  cent  braked 


Westingbouie. 


301 .07 

240. 
0.25 
16.50 
13.55 


571.37 
26.54 
14.07 

12.35 
15.15 


639.48 
339.96 

53  16 


Eames. 


261.41 
240. 

39.83 
16.50 

13.55 


571.29 
26.40 

14  52 
12.35 

15  15 


639.71 
300.16 

46.90 


American. 


344.79 
240. 

16.50 
13.55 


614.84 
25.02 
14.25 

12.35 
15.15 


681.61 

382.16 

56,04 


Every  box-car  truck  but  one,  as  well  as  the  tender  and  engine  drivers,  had  brakes  lif^^ 
a  very  unusual  proportion. 

All  the  trains  had  Master  Car-Buiklere*  standard  axles  (jf^  X  7  in.),  except  the  WiddU 
fiekl  &  Button,  which  had  3^  X  7. 

A  full  report  of  these  tests,  as  prepared  and  computed  by  the  writer,  will  bt  frMind  in  th« 
Railroad  Gaxette^  }xiXMt  to  Ati^oA,  1886.  The  bekults  or  a  \.hi%u  SEltlKS  Of  IMmim 
Of  1887  (see  Engimearing  News^  May,  June,  1887)  were  as  UAk/wn : 


Tangent |  J 


3*  Cunrc, 


Lowest  obienred  on  Tangent., 
tli^^nest  obfenred 


886 .  i6i 

^^87 J3f 

j   16S6 22i 

(  iVi^T .,,,,,.,  lO^ 

')  ih¥j y>| 

i  J8^7 15 

j  r6yj ffi 

(1^7 14* 


6,63 


4^' 


7 
8 

4  32 

5  *7 
*  y> 
7'k# 


j,u^ 


'^  "1 
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consequently  had  bearings  and  wheel-treads  still  comparatively  rough, 
and  not  fairly  representing  the  average  conditions  of  practice. 

3.  Eames  train, — Made  up  of  fairly  old  but  poorly  built  cars,  and 
generally  in  rather  inferior  condition. 

619i  The  effect  of  these  differences  in  the  trains  is  clearly  visible  in 
Fig.  154.  where  the  Westinghouse  train  shows  rather  less  than  half  the 
rolling  resistance  of  the  other  two.  or  about  4  lbs.  per  ton  for  all  speeds 
up  to  25  miles  per  hour.  The  general  fact  that  speed  causes  very  little 
increase  in  train  resistance  up  to  speeds  of  30  miles  per  hour  is  clearly 
indicated  ;  and  this  many  other  indications  tend  to  confirm,  as  notably 
various  dynamometer  tests  made  by  the  Pennsylvania,  New  York,  Lake 
Erie  &  Western,  Chicago,  Burlington  &  Quincy,  and  other  roads,  where 
very  low  car  resistances,  running  down  to  from  2^  to  4  lbs.  per  ton,  have  ' 
been  indicated,  with  little  variation  as  an  effect  of  speed. 

These  latter  tests  alone  would  leave  the  question  open  to  much  doubt, 
since  they  do  not  include  any  of  the  head  or  engine  resistances,  which  . 
at  high  speeds  become  more  important  than  any  other,  but  the  tests 
given  in  Fig.  154  include  all  resistances  and  lead  to  the  same  conclusioo 
so  clearly  as  to  be  unmistakable. 

620i  The  peculiar  manner  in  which  the  Eames  and  American  retiscaoce 
lines  on  curves  cross  each  other,  as  shown  by  the  fol- 
lowing sketch,  may  appear  to  indicate  that  there  is 
something  wrong  in  the  computed  results.  This  is  by 
no  means  so.     The  anomaly  may  be  thux  explained  : 

ifl)  Each  train  was  made  up  of  25  cars  from  the  same  road  and  built  nearly  at 
the  same  time. 

(b)  All  freight  cars  are  roughly  built.  The  axles  are  not  likely  to  be  pn^ 
cisefy  parallel,  except  by  accident.  To  have  the  axles  enough  out  of  parallel  to 
precisely  fit  a  i**  curve  requires  that  the  wheel-base  shall  be  only  |  jin  part  longer 
on  one  side  than  the  other,  or  ^  in.  A  lot  of  cars  built  at  one  time  are  very 
likely  to  have  the  error  all  on  one  side. 

(r)  Resistances  a  and  c  (see  sketch  above)  were  on  curvet  turning  to  the  right; 
resistance  b  was  on  a  curve  turnini^  to  the  U/t. 

If.  therefore,  the  American  train  curved  most  easily  to  the  right,  resistances 
land  c  would  be  abnormally  lotv, or  very  near  the  tangent  rate,  and  resistance 
b  abnormally  hip^h:  while,  if  the  contrary  was  the  case,  with  the  Eames  train  re- 
sistance a  and  c  would  be  abnormally  high,  and  resistance  b  abnormally  low,  or 
well  down  toward  the  tangent  rate. 

Whether  this  or  other  cause  led  to  the  variation,  it  is  certain  that  it  was  an 
actual  one,  and  the  fairer  plan,  therefore,  seems  to  be  to  take  the  average  of  both 
trains.     The  throttle  of  each  engine  was  absolutely  tight. 
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621.  The  experiments  by  the  writer  recorded  in  Appendix  A  were 
made  by  the  same  general  method  as  those  just  described,  and  were  the 
first  in  which  the  very  low  train  resistances  for  trains  in  motion  which  are 
now  generally  admitted  were  observed.  They  indicated  that  the  normal 
magnitude  of  the  rolling-friction  at  speeds  of  lo  to  30  miles  per  hour  was : 

For  passenger  and  loaded  freight  cars, 4  lbs.  per  ton 

For  empty  freight  cars  and  other  light  loads,      ....      6    *'         " 

For  street  cars  and  other  still  lighter  loads lo    ••         •• 

For  freight  trucks  without  load 14    "         ** 

The  starting-friction  is  ver)-  much  higher,  rising  to  over  20  lbs.  per 
ton  in  some  cases.     (See  Appendix  B.) 

622t  Some  experiments  on  train  resistance,  both  on  curves  and  tan- 
gents, made  in  1885  on  the  Breslau-Schmoltz  line  in  Germany,  apparently 
in  an  accurate  and  careful  manner,  but  covering  only  the  resistance  of 
cars  behind  the  tender  and  dynamometer  car,  gave  still  lower  results  than 
these,  as  shown  in  Table  161.  The  tests  covered  also  the  question  of 
remedies  for  oscillation  and  the  advantages  of  a  device  for  radiating  axles 
on  curves,  as  to  which  nothing  important  was  developed.  The  resist* 
ancesare  noticeable  as  being  among  the  lowest  ever  reported  for  similar 
speeds.  Similar  tests  on  the  Freibui^-Sulzbrunn  line,  with  the  same 
apparatus  and  by  the  same  individuals,  gave  somewhat  higher  avera$;e. 

Modem  evidence  to  the  same  general  purport  as  that  which  precedes 
might  be  multiplied  almost  indefinitely,  but  it  appears  needless  to  do  so. 

623.  We  may  conclude,  therefore,  as  to  freight-train 
resistance — 

I.  The  particular  velocity  adopted  is  wholly  unimportant, 
both  because  it  makes  absolutelv  but  little  difference  in  the 
resistance,  and  because,  if  the  resistances  are  mounting  too  high 
for  the  power  of  the  engine,  the  speed  can  always  be  cut  down 
at  critical  points.     The  total  work  in  foot-pounds  done  to  move 


Table  161. 
Resistance  of  European  Cars  (16  to  23  ft.  rigid  wheel-base). 

[Reported  in  full  in  the  Rmilway  Engineer^  Dec.  1884  et  seq.     Resistance  in  Pounds  Per  Too. 


Spkrd. 

Radiating  Axlrs. 

Fixed  Axlks. 

Miles  Per  Hour. 

Limits. 

Averafi:e. 

Limits. 

Average 

12.4 
21.8 
28 

2.0     to  3.75 

3.97  to  4.19 

5.07 

2.65 
4.08 
5.07 

2.42  to   3.75 

3.97  to  4.85 

6.17 

3.09 
4.19 
6.17 
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the  train  is  not  affected  enough  to  have  any  measurable  effect  on 
the  cost  of  power  (see  par.  664). 

2.  The  normal  tangent  freight-train  resistance  in  summer, 
ENGINE  AND  ALL  INCLUDED,  is  often,  and  perhaps  usually,  as  low 
as  4  lbs.  per  ton,  up  to  speeds  as  high  as  25  miles  per  hour,  run- 
ning down  in  cases  to  3  lbs.  and  even  less ;  and,  on  the  other 
hand,  rising  in  cases  as  high  as  6  or  8  lbs.  per  ton  when  the  cars 
are  in  bad  order,  or  against  a  head  or  side  wind,  or  (as  we  are 
about  to  see)  at  winter  temperatures;  these  latter  figures  being 
a  fair  working  maximum  for  freight  service. 

Four  pounds  per  ton  will  make  a  difference  of  some  2400  lbs.  in  tractive  re- 
sistance with  an  average  train  of  25  cars,  which  will  use  up  the  adhesion  of  4.8 
tons  of  weight  on  drivers,  or  12  to  20  per  cent  of  the  total  load. 

624t  It  is  entirely  uncertain  how  much  of  the  so-called  rolling  friction  is 
journal-friction,  and  how  much  rolling-friction  proper.  The  present  proba- 
bilities are  that  most  of  it  is  journal-friction.  Experimental  determination  of 
the  rolling  friction  proper,  apart  from  all  journal-friction,  is  a  matter  of  the 
greatest  difficulty,  and  has  never  been  attempted.  Journal-friction  has  been 
far  more  thoroughly  investigated  within  the  last  few  years,  but  until  then  the 
la^s  of  it  also  had  been  but  little  investigated,  and  what  investigation  had  been 
made  was  largely  erroneous. 

625«  By  some  singular  chance, — probably  the  beautiful  simplicity  of  the  laws 
developed,  which  only  lacked  correctness  to  make  the  laws  of  friction  very 
easily  understood, — some  experiments  made  by  M.  Morin,*  a  French  officer  of 
artillery,  in  183T,  obtained  almost  universal  acceptation  as  a  final  determination 
of  the  laws  of  friction.  There  is  even  at  the  present  day  (1885)  hardly  a  single 
text-book  of  engineering,  at  least  in  English,  in  which  these  laws  are  not  laid 
down  as  facts,  yet  they  are  now  generally  admitted  to  be  entirely  incorrect. 
They  were  in  substance  that  the  coefficient  of  friction  was  independent  both  of 
the  pressure  and  of  the  velocity,  so  that,  once  determined,  it  was  universally 
applicable.  The  range  of  the  experiments  was  very  limited,  and  Morin  himself 
disclaimed  any  extension  of  them  beyond  the  range  of  his  experiments;  but  it  is 
clearly  proven  that  there  are  no  limits  nor  conditions  under  which  his  laws  are 
approximately  true,  since  the  coefficient  varies  materially  both  with  pressure 
and  velocity,  with  both  lubricated  and  unlubricated  surfaces,  and  with  tempera- 
ture and  other  conditions  as  well  ;  as  notably  with  the  character  of  the  surface, 
which  makes  any  general  coefficient  of  **  iron  on  iron,"  or  **  iron  on  brass,"  for 
example,  rather  worse  than  useless. 

♦  **  Nouvelles  Experiences  sur  le  Frottement.     Faites  k  Metz  en  1831."     Par 
Arthur  Morin,  Capitaine  d'ArtUlerie.     128  pp.,  4**,  plates.     Seconde  M6moire 
1832,  103  pp.,  4'.  plates.     Troisifeme  M6moire,  1833.  142  pp.,  4**,  plates. 
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626>  Prof.  R.  H.  Thurston  was  among  the  flnt,  if  not  the  first,  to  discoTcr 
and  announce  the  true  laws  of  friction,  in  1876-78,  having  made  %  large  namber 
of  experiments  on  an  ingenious  machine  of  his  invention.  The  writer,  in  the 
summer  of  1878,  made  a  series  of  tests  of  rolling-slock  resistances,  ■nmmaritcd 
In  Appendix  A,  by  dropping  cars  down  grades  and  registering  velocilles  elec- 
trically, in  which  he  believes  he  was  the  first  to  discover  and  announce  the 
1  cocfficieni  for  loaded  and  empty  cart  and  ihe  aggregates  of  4,  6, 
o  lbs,,  above  mencioned,  which  ai  the  time  appeared  quite  without  preee- 
as  Prof.  Thurston's  results  were  not  at  that  lime  generally  known,  and 
not  at  all  knonn  to  the  writer.  A  large  number  of  dynamometer  tests 
irious  roails  were  made  shortly  after,  and  in   (act  were  then  In  p 


(The  velocity  gi'tn  for  the  n 


showing  the  same  low  rate  o(  4  lbs.  per  ton  or  even  less  for  loaded-car  resist- 
ances, although  emply-ritr  rrNistiini'e*  were  less  carefully  determined.  Shortly 
thereaflcr  Mr.  C.  J,  H.  Wimdlmry  began  tests  of  great  interest  for  mill-work, 
which  give  sirong  confirmaiury  evidence  of  the  above  results  as  respects  the  gen- 
eral lansnffrkliiin,  allhoUKh  not  directly  applicable  to  railroad  practice.  Finally, 
in  18B3-4  Mr.  Beauchamp  Tower  made  a  series  of  elaborate  and  remarkable 
tests  under  Ibe  auspices  of  the  Institution  o(  Mechanical  Engineers,  which 
appear  to  have  been  the  first  made  in  England  of  a  character  to  reveal  the 
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errors  of  Morin's  results.     The  Germans  and  French  do  not  appear  to  have 
shown  their  usual  scieniific  activity  in  this  matter. 

627t  All  these  modern  results  agree  in  essentials  with  each  other,  although 
some  have  covered  results  not  touched  by  the  others.  Their  general  results 
and  indications  are  summarized  in  Appendix  B.  Mr.  Woodbury's  results*  begin 
with  the  lowest  pressures,  and  are  shown  in  Table  162,  and  graphically  in  Fig. 
155.  For  the  very  reason  that  this  diagram  is  for  pressures  lower  than  ever 
occur  in  normal  railroad  practice,  it  is  particularly  interesting,  since  it  furnishes 
a  check  on  the  conclusions  which  have  been  reached  by  other  experimenters 
operating  within  the  limits  of  railroad  practice  only,  by  beginning  as  it  were  at 
the  foundation,  and  showing  the  law  of  change  in  journal-friction  from  i  lb.  per 
square  inch  of  journal  pressure  upwards.  There  has  been  added  below  the 
diagram  a  line  showing  the  equivalent  in  pounds  per  ton  of  train  resistance  to 
the  abstract  "  coefficients  of  friction"  given,  as  being  a  unit  better  suited  for  our 
immediate  purpose. 


Table  162. 
Coefficients   of   Friction   with   Very    Low    Pressures,    and    Effect 

THEREON   of   TEMPERATURE. 
[Abstracted  from  records  of  tests  of  C.  J.  H.  Woodbury.] 


Total  Friction  at  Tempera- 

Prkj^surb 

Coefficient 

OF  Friction. 

ture  OF— 

Per  Cent  of 

Per  Sq.  In. 

too"  to  40*. 

40«. 

100®. 

4o». 

xoo*. 

lbs. 

lbs. 

• 

I 

.538 

.138 

.538 

.138 

25.6 

2 

.299 

.080 

.598 

.160 

26.8 

3 

.211 

.060 

.633 

.180 

28.5 

4 

.167 

.050 

.668 

.200 

30.0 

5 

.140 

.044 

.700 

.220 

31-3 

6 

.122 

.039 

.732 

.234 

32.0 

7 

.109 

.036 

.763 

.252 

33.0  • 

8 

.098 

.034 

.784 

.272 

34.7 

9 

.090 

.032 

.810 

.288 

35.7 

10 

.084 

.030 

.840 

.300 

35-8 

15 

.063 

.025 

.945 

.375 

39.7 

20 

.053 

.023 

1.060 

.460 

43.3 

25 

.046 

.021 

1. 1 50 

.525 

45-7 

30 

.041 

.020 

1.230 

.600 

48.8 

35 

.038 

.019 

1.330 

.665 

511 

40 

.035 

.018 

1.400                  .720 

51.5 

*  For  complete  paper,  which  is  full  of  interesting  information  on  friction, 
sec  "Measurements  of  the  Friction  of  Lubricating  Oils,"  by  C.  J.  H.  Woodbury, 
Trans.  Am.  Soc.  M.  E.,  1884-85. 
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628t  The  diagram  is  especially  useful  to  afford  some  indication  as  to  the 
comparative  train  resistance  in  winter  and  summer,  as  to  which  there  are  no 
experimental  records.  Since  the  diagram  fixes,  as  it  were,  a  superior  limit  for 
the  friction  of  railroad  journals,  we  might,  on  studying  it,  fairly  draw  three 
conclusions  : 

I.  Since  friction  can  in  no  case  be  less  than  zero,  lines  representing  all 
possible  loads  on  railroad  journals  must  lie  in  the  narrow  space  at  the  left  of 
the  diagram  between  the  zero  line  and  that  for  40  lbs.  per  square  inch  pressure, 
which  is  the  last  given.  This  means  that  all  railway -journal  friction  ought  to 
lie  between  these  narrow  limits : 

Temperature  of  Coefficient  of  Pounds  per  ton  train 

journal.  friction.  resistance. 

40**  Fahrenheit o  to    035  o  to  7.0  lbs. 

100*"  Fahrenheit o  to  .018  0103.6  lbs. 

This  closely  corresponds  with  the  result  of  all  the  latest  tests,  which  show 
from  3i  to  6  lbs.  per  ton  resistance. 

629t  2.  Within  the  temperature  limits  of  40*"  and  100°,  the  effect  of  the 
higher  temperature  is  to  decrease  materially,  and  of  the  lower  temperature  to 
increase  materially,  the  amount  of  loss  by  friction.  At  40  lbs.  per  square  inch 
the  friction  is  nearly  twice  as  much  at  the  lower  temperature,  while  at  still 
lower  pressures  of  i  to  10  lbs.  per  square  inch  it  is  from  three  to  four  times  as 
much.  Extending  the  indications  of  these  tests  to  the  higher  pressures  of  rail- 
way practice,  we  might  expect  that  the  effect  of  a  fall  of  temperature  in  the 
journals  from  loo**,  which  we  may  call  an  average  summer  temperature,  to  40', 
which  we  may  call  an  average  winter  temperature,  would  be  to  make  journal 
friction  in  summer  and  winter  railway  service  compare  somewhat  as  follows : 

Loaded.  Empty. 

Summer,  as  shown  by  various  tests,  say 4  ^hs.  6  lbs. 

Winter  (not  directly  shown  by  any  tests),  say 5i  to  6  lbs.         8  to  9  lbs. 

630.  Whether  this  conclusion  be  true  or  not  cannot  be  proven  by  direct 
evidence,  for  lack  of  recorded  train  resistance  tests  which  have  been  made  in 
cold  weather,  but  the  circumstantial  evidence  that  some  change  of  this  kind 
takes  place  is  very  strong.  Among  such  evidence  is  one  small  fraction  of  the 
series  of  tests  by  Mr.  Beauchamp  Tower,  above  alluded  to.  for  determining  the 
effect  of  temperature  on  journal  friction.  The  loads  and  journal-speeds  in  this 
case  closely  paralleled  railway  practice,  but  the  lubrication  was  vastly  more 
efficient,  being  by  a  bath  of  lard-oil.  Lard-oil  is  affected  by  temperature  much 
as  are  ordinary  railroad  lubricants,  but  the  superior  method  of  lubrication, 
in  addition  to  giving  rates  of  friction  which  are  far  below  the  possibilities  of 
railway  practice,  would  be  likely  to  have  the  effect  of  exaggerating  the 
beneficial  effect  of  high  temperature,  since  the  more  perfect  the  supply  of 
oil,   the  greater  might  be   expected  to  be  the  advantages   of  great  fluidity. 
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Nevertheless,  with  these  allowances  remembered,  some  of  Mr.  Tower's 
results,  as  summarized  in  Table  163.  are  very  instructive.  Translating  co- 
efficients of  friction  into  pounds  per  ton  of  train  resistance,  as  in  Fig.  155, 
by  multiplying  them  by  200,  and  translating  the  journal-speeds  into  train- 
speeds  by  multiplying  by  10  (these  methods  being  approximate  only,  but 
sufficiently  exact),  we  have  in  Table  163  some  very  definite  indications  of  the 
effect  of  temperature  on  axle-friction. 

631.  To  draw  any  positive  conclusions  from  this  table  we  must  make  a  cer* 
Uin  "scientific  use  of  the  imagination,"  by  making  allowances  both  in  the 
temperatures  and  in  the  observed  friction  for  the  difference  in  manner  of 
lubrication.  As  these  allowances  might  or  might  not  be  correct,  we  will  not 
attempt  them;  but  it  is  clear  that,  be  the  allowances  thus  made  what  they  may, 
these  results  support  the  general  conclusion  strongly,  that  the  external  tem- 
perature of  the  air  may  have  a  most  important  influence  on  the  normal  rolling- 
friction,  as  do  experiments  by  Professor  Thurston  and  others.  On  the  other 
hand,  there  are  many  experiments  which,  at  least  in  appearance,  would  tend 
to  controvert  these  conclusions,  for  one  has  only  to  look  long  enough  to  find 
experimental  records  to  support  or  controvert  almost  anything.  But  such  con- 
troverting evidence  is  in  this  case  not  abundant,  nor  of  the  highest  class,  and 
as  a  general  rule  the  apparent  discrepancies  all  result  from  two  apparent 
anomalies  which  are  in  no  respect  inconsistent  with  what  has  preceded : 

1.  At  a  certain  temperature  not  far  above  100"  Fahr.,  and  wiih  some  fluid 
oils  t>eluw  it.  the  law  changes,  and  increase  of  temperature  causes  a  rapid  in 
crease  of  resistance.    . 

2.  At  very  slow  speeds,  especially  when  combined  with  very  high  pressures, 
the  law  often  changes,  and  a  higher  temperature  has  an  injurious  effect, 
apparently  because  a  certain  viscosity  is  necessary  for  efl3cient  lubrication 
Under  such  circumstances. 


Table  163. 
Effect  of  Temperature  on  Journal  Friction. 

[Deduced  from  tests  of  Beauchamp  Tower;  bath  of  lard  oil;  load,  xoo  lbs.  per  sq.  in.  (about 

that  of  an  ordinary  empty  freight-car  journal.)] 


Pounds  Per  Ton  op  Train  Resistancb  at  Speeds  in  Miles 

Per  Hour  of — 

■1  i_^                                                * 

Train  speed. . 

At I20*  Fahr. 
At 60*  Fahr.. 

8.8 

0.48 
1. 18 

0.70 

13.2 

0.58 
1.68 

17.6 

0.70 
2.06 

21.9 

0.80 
2.38 

26.3 

0.88 
2.60 

35.1 

1.02 
2.96 

39-5 

1.08 
3.12 

Difference. . 

I. 10.. 

1.36 

1.58 

1.72 

1.96 

2.04 
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632i  Zero  temperatures  are  not  favorite  ones  for  dynamometer  experi- 
ments, but  experience  in  the  running  of  trains  in  winter  and  summer  indicates 
in  the  most  positive  manner  that  summer  trains  must  be  cut  down  by  two  to 
four  cars  in  winter,  or  say  lo  to  15  per  cent,  in  order  to  run  them  at  all.  This 
practice  has  not  become  universal  without  some  real  necessity;  but  it  is  more 
difficult  to  account  for  the  necessity  than  is  generally  realized,  for  some  of  the 
explanations  which  are  given  will  certainly  not  hold  water,  as  pointed  out  in 
par.  345.  It  need  only  be  added,  that  the  loss  by  radiation  from  the  loco- 
motive will  hardly  explain  any  part  of  this  need  for  cutting  down  trains,  since 
the  difference  between  winter  and  summer  temperatures  is  a  small  pnd  unim* 
portant  one  to  the  locomotive,  though  a  very  important  one  to  the  human 
body. 

633t  Let  us  see  how  radical  is  the  difference  in  its  effect  on  them.  The 
human  body  can  manage  to  sustain  for  a  short  time  a  temperature  of  say  40* 
beluw  zero,  or  138"  below  its  natural  temperature,  and  it  can  do  this  only 
when  *'  lagged  "  with  skins  and  such  like,  to  the  last  degree  of  perfection,  at 
every  exposed  point.  The  boiler  is  subjected  to  an  equally  unpleasant  extreme 
of  temperature  when  the  external  temperature  is  350  —  138  =  212°  Fahren- 
heit, or  just  hot  enough  to  cause  water  to  boil  in  the  open  air.  To  get  a 
fair  parallel,  we  must  consider  how  much  warmer  the  average  man  would  think 
it  with  the  temperature  140**  below  zero  than  when  it  was  down  to  200**  below 
zero.  It  is  not  probable  that  he  would  find  that  the  difference  was  of  great 
consequence. 

To  be  sure,  the  fire  inside  the  boiler  is  more  efficient  than  the  fire  inside 
the  human  body,  but  the  demands  on  it  are  greater  and  the  difference  of 
winter  and  summer  less.  The  average  winter  lemperaiure  of  Pittsburgh,  for 
example,  is  about  38°  and  the  average  summer  temperature  72  degrees,  so  that 
we  have  as  the  difference  between  the  inside  and  outside  temperature  of  the 
boiler — 

In  winter 350*  -  38°  =  312' 

In  summer 350°  -  72"  =  278* 


Difference 34"*  34** 

or  about  11  per  cent. 

This  difference  is  far  too  small  to  explain  the  necessity  for  any  material 
difference  in  winter  and  summer  loads.  Assuminp:  that  as  much  as  20  per  cent 
of  the  heat  generated  is  lost  by  external  radiation,  which  is  a  large  estimate, 
not  more  than  2  per  cent  difference  of  load  could  be  accounted  for  in  this  way. 

634t  We  seem  driven,  therefore,  as  a  net  result  of  all  the  preceding,  to  this 
interesting  and  important  conclusion,  to  directly  support  which  there  is,  as 
already  stated,  little  or  no  experimental  evidence,  although  the  circumstantial 
evidence  in  favor  of  it  is  very  strong :  that  a  difference  in  the  rolling-friction 
of  cars  is  the  chief  reason  why  trains  must  be  cut  down  in  winter.     As  this 


J 


CHAP.   XIIL—FREJGHT^TRAIN  RESISTANCE.  509 


probably  results  from  difference  of  temperature  of  the  journals,  and  this  again 
from  radiation  from  the  boxes  of  the  heat  which  the  journals  are  constantly 
generating,  and  as  radiation  can  be  checked  by  a  very  slight  covering  which 
will  hold  a  little  dead  air  around  a  hot  metallic  surface,  we  have  in  these  facts 
indications  which  might  lead  to  the  important  practical  conclusion  that  some 
very  slight  covering,  which  would  merely  check  radiation  from  the  journal- 
boxes  somewhat,  might  have  an  appreciable  effect  on  the  loads  which  can  be 
hauled  in  severe  cold  weather. 

635.  In  Appendices  A  and  B  will  be  found  further  and  more  detailed  infor- 
mation as  to  the  laws  of  journal-friction,  and  especially  as  to  the  important 
question  of  starting  trains.  The  normal  journal-friction,  under  favorable  con- 
ditions, as  determined  in  various  series  of  tests,  is  summarized  in  Appendix 
B  as  follows,  for  velocities  greater  than  10  miles  per  hour,  or  90  ft.  per  minute, 
iournal-speed: 

Lbs.  per  ton. 
Beauchamp  Tower,  bath  of  oil o.  278 

'*  '*        pad  or  siphon 1.9 

Thurston,  light  loads 3. 75 

"         heavy  loads 1.75 

Wellington  (gravity  tests  of  cars  in  service),  light  loads. . .  6.0 

heavy  loads..  3.9 

"  direct  tests  (as  shown  in  Appendix  B) •  i  IJ 

Thurston,  inferior  oils  ("  Friction  and  Lubrication,"  p.  173)  ]  ^'q 
Morin,  continuous  lubrication 6.0  to  10.8 

636.  The  great  discrepancies  in  these  results  will  be  seen  to  point  directly 
to  one  conclusion — that  the  character  and  completeness  of  lubrication  seems  to 
be  immensely  more  important  than  the  kind  of  the  oil,  or  even  pressure  and 
temperature,  in  affecting  the  coefficient  of  friciion.  Mr.  Tower  found  that 
lubrication  by  a  bath  (whether  barely  touching  the  axle  or  almost  surrounding 
it)  was  from  six  to  ten  times  more  effective  in  reducing  friction  than  lubrication 
by  a  pad.  By  immersing  the  journal  in  a  bath  of  oil  Mr.  Tower  succeeded  in 
reducing  the  coefficient  in  a  large  number  of  tests  to  as  low  a  point  as  o.ooi^ 
equivalent  to  only  0.2  lb.  per  ton  of  tractive  resistance;  and  the  general  average 
in  the  bath  tests,  under  all  varieties  of  load  and  speed,  is  given  as  only  0.00139, 
or  0.278  lb.  per  ton.  against  1.96  to  1.95  lbs.  per  ton  with  siphon  lubricator, 
or  pad  under  journal.   These  results  are  very  far  below  any  heretofore  reported. 

637.  The  overmastering  effect  of  minute  differences  in  the  condition  of  the 
lubrication  was  curiously  shown  in  two  ways  in  Tower's  experiments : 

I.  It  was  accidentally  discovered  that  with  bath  lubrication  the  bearing  is 
actually  floated  on  a  film  of  oil  between  the  lubricated  surfaces,  which  is  so  truly 
a  fluid  that  it  will  rise  through  a  hole  in  the  top  of  the  bearing  in  a  continuous 
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stream  and  exert  a  pressure  against  a  gauge  equal  to  more  than  twice  the 
average  pressure  per  square  inch  on  the  bearing.  This  is  precisely  what  theory 
would  require  if  the  lubricant  were  a  perfect  fluid. 

2.  Tower's  apparatus  required  that  the  journal  should  be  revolved  first  one 
way  and  then  the  other.  It  was  found  that  the  friction  was  always  greater 
when  the  direction  of  motion  was  first  reversed.  The  increase  varied  consid- 
erably with  the  newness  of  the  journal.  *'  Its  greatest  observed  amount  was  at 
starting,  and  was  almost  twice  the  nominal  friction,  and  it  gradually  diminished 
until  the  normal  friction  was  reached,  after  about  ten  minutes*  continuous  run- 
ning. This  increase  of  friction  was  accompanied  by  a  strong  tendency  to  heat, 
even  under  a  moderate  load.  In  the  case  of  one  brass  which  had  worked  for  a 
considerable  time  it  almost  entirely  disappeared."  It  is  with  apparent  justice 
concluded  that  the  phenomenpn  must  be  due  to  the  interlocking,  point  to  point, 
of  the  surface  fibres  after  having  been  for  some  time  stroked  in  one  direction. 

638.  It  appears  not  impossible,  therefore,  that  a  great  further  reduction  in 
the  axle-friction  of  trains,  as  well  as  a  great  saving  of  oil,  may  result,  within 
a  few  years,  from  the  adoption  of  something  better  than  the  crude  and  wasteful 
axle  box  which  is  now  common.     The  objections  to  it  are  : 

1.  It  leaks  badly  at  the  back,  around  the  axle,  letting  oil  out  and  grit  in. 
Therefore— 

2.  The  oil  has  to  be  frequently  renewed,  requiring  a  loose  lid  in  front,  from 
which  more  oil  escapes  and  more  grit  gets  in. 

From  this  it  very  naturally  results  that  in  spite  of  the  large  expense  of  about 
a  cent  per  train- mile  (Table  78)  for  oil  there  is  often  very  little  o  it  where  it  is 
wanted,  and  that  dirty  and  gritty  ;  while,  on  the  other  hand,  the  ties  and  road- 
Ded  are  saturated  with  it  from  one  end  of  the  United  States  to  the  other. 

639,  In  Figs.  156-159  is  shown  a  French  oil-box  which  obviates  many 
of  these  objections  and  has  made  the  very  remarkable  record  given  below. 
The  Germans  have  similar  oil-boxes  in  extensive  use.  The  oil  reservoir  is 
entirely  below  the  axle,  so  that  oil  cannot  escape,  and  it  is  supplied  to  the  bear- 

ng  by  a  pad  fed  by  wicks.  Could  an  oil-tight  stuffing-box  be  used  at  the  back 
of  the  box,  and  the  box  be  kept  completely  full  of  oil,  it  is  more  than  probable 
that  even  greater  reduction  of  axle-friction  and  waste  of  oil  would  follow. 

The  lower  half  of  these  boxes  is  furnished  inside  with  a  partially  horizontal 
diaphragm  in  the  portion  toward  the  wheel,  for  the  purpose  of  preventing  the 
forcing  out  of  the  oil  by  violent  side  blows.  They  have  proved  so  efficient 
that  the  consumption  of  oil  has  fallen  from  2.3  ounces  per  1000  miles  to  less 
than  one  fourth  that  amount  (41.25  grammes  per  1000  kilometres  to  9.93) — % 
most  remarkable  showing,  and  a  marvellous  contrast  to  the  results  obtained 
here.  The  dust  guard  is  formed  of  five  to  six  thicknesses  of  fluffy  wooUeci 
cloth,  held  between  two  leather  diaphragms  by  screws  like  those  used  for 
shoe  soles.     The  diaphragms  are  in  halves,  and  are  pressed  up  against  the 
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ucle  \rf  sieel  springs  behind  ifaem,  and  the  leathers  on  opposite  sidei  of  ettch 
balf  diaphragm  break  joints  trith  those  on  the  other  half. 

The  oiling  cushion  in  this  bos  has  its  oiling  jilush  Grmlj  tacked  to  a  beech 


Fim.  ijS-iM.— STAKDABr  jQUiiM»r.-Box  or  the  Eastern  Railway  of  Fbahcb. 
block,  and  to  this  plush  are  fastened  several  Hide  lufls  projecting  above  its 
latface  and  keeping  the  plush  from  mailing  down  by  too  hard  pressure  against 
the  journal.     The  plush  is  of  wool  ivilh  a  long  silky  nrarp. 

840.  The  important  question  of  the  coi:iparative  resistances  in  start- 
ing trains  is  discussed  so  (uUy  in  Appendices  A  and  B  that  it  appears  un- 
necessaryto  devote  space  to  a  repetition  of  the  same  matter  here.  From 
all  the  facts  there  given  the  following  conclusions  may,  it  is  believed,  be 
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642.  These  grades*  therefore,  represent  the  reduction  at  stations  or 
stopping-places  which  it  is  essential  to  make  to  fully  and  certainly  equal- 
ize the  demands  upon  the  tractive  power  of  locomotives  while  in  motion 
and  when  getting  under  way.  The  fact  that  such  heavy  reduction  of 
grade  at  stations  may  be  said  never  to  exist,  while  yet  such  heavy  trains 
are  hauled,  is  due  in  part  to  the  use  of  sand  in  starting,  in  part  to  the 
greater  starting  traction  which  is  realized  in  practice  from  the  same 
average  cylinder  pressure  (see  end  of  Appendix  B),  and  in  part  to  the  fact 
that  the  full  adhesion  of  the  locomotive  is  not  used  up  on  the  open  road 
(par.  557).  To  utilize  to  the  utmost  the  power  of  locomotives,  and  to 
make  the  hauling  of  heavy  trains  easy,  such  reductions  are  the  first 
thing  which  should  be  attended  to  in  laying  out  a  new  road'or  in  improv- 
ing an  old  one. 

Wherever  possible  the  reduction  of  grade  at  stations  should  be  liberal, 
since  there  is  in  no  case  clanger  of  having  it  too  great  for  convenience. 
On  the  other  hand,  when  the  lower  grades  at  stations  are  only  obtainable 
at  the  certain  cost  of  higher  grades  between  stations,  then  it  becomes 
necessary  to  be  more  cautious,  although  the  tendency  will  always  be  to 
have  the  starting  resistances  the  true  limiting  cause. 

643.  Effect  of  Size  of  Wheel  and  Journal, — Theoretically,  the  less 
the  diameter  of  the  journal  and  the  larger  the  diameter  of  the  wheel  the 
less  the  axle-friction.  The  standard  diameter  of  car-wheels  in  America 
is  33  inches,  with  a  very  few  only  (chiefly  on  the  Baltimore  &  Ohio  lines) 
of  30  inches,  and  with  a  still  smaller  but  increasing  number  of  42- inch 
wheels  in  passenger-car  service.  The  weight  of  the  latter  is  more  than 
double  that  of  33- inch  wheels  (say  1200  lbs.  against  550,  as  an  average) 
and  their  primary  purpose  is  to  promote  easy  riding  of  cars. 

The  Master  Car-Builders'  Association  standard  journal  is  3i  x  7 
inches,  giving  a  nominal  bearing-surface  (the  horizontal  mid-section)  of 
261  sq*  in*  A  very  few  4  x  8-inch  journals,  giving  32  sq.  in.  bearing,  are 
in  use  for  cars  carrying  very  heavy  loads,  and  a  very  larj^e  but  decreasing 
number  smaller,  down  to  as  small  as  3^x6,  giving  19.5  sq.  in.  of  bearing. 

The  maximum  loads  which  are  carried  in  practice  on  these  journals. 
Allowing  eight  per  car,  may  be  estimated  as  follows  : 


Journal. 

Square  Inches  Area. 

Maximum  Load. 

Load  Per  Sqoart 
Inch. 

Maximum,  4    X8 

Sundard.    3f  X  7 

Minimum    3i  X  6 

32       X  8  =  256 
26i     X  8  =  210 
19.5  X  8  =  154 

64.000 
52.500 
38,500 

250  lbs. 
250  •• 
250  " 

33 


esi  (about  tnice  the  average)  at  the  top  of  ttie  jo^. 
co  nothing  at  the  sides.     The  bearing,  in  fact,  for  this  ana  w-, 
reasons,  is  never  made  to  cover  the  whole  semicircular  top  of  the  jour- 
nal.    For  example  there  are  only  zi.94  sq.  in.  of  bearing-surface  in  the 
American  standard  journal -bearing  against  26^  sq.  in.  in  the  section  of 
>*je  journal  itself. 

644.  The  only  purpose  in  increasing  the  size  of  the  journal  is  to  di- 


Ptg.  iSo.— Usual  Foum  op  AHKirAH  Cau'Wkiil.  Jouhnal,  ahd  JoinMAt. 

[j3  II  Ehc  to-cMea  dml-cKard  iiarine  of  the  ailr,  surraundril  by  ■  ftai,  iqutre _. 

»f  wood,  leather,  or  vulcaniKd  £bir,  wbicb  i>  aUppcd  In  from  above  throucb  i  aloi  in  the  ci— 
Inir  BM  ■hown  in  Die  tut  (in  which  rnpect  it  ii  incorrect),  and  conititute*  Ibc  oolf  protcctMO 
i^DM  the  eiape  »[  oil  it  the  back.  The  oil  Inelj'  ncapei  through  ihladuK  fiurd  laullihiw 
Inincd  one  to  (at  bclaw  the  IctcI  of  the  under  side  al  the  ule  that  there  li  no  more  loacive.] 

minish  the  pressure  per  sq.  in  so  as  to  prevent  heating.  Experient:e  bat 
unply  shown  this  to  be  necessary,  with  such  lubrication  as  is  attained  in 
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America,  because,  although  99  per  cent  of  the  car  mixeage  may  be  said 
to  be  made  with  journals  in  good  order,  and  in  fact  with  surfaces  in  a 
high  state  of  perfection,  yet  the  inconvenience  and  danger  resulting  from 
possible  heating  of  the  remaining  one  per  cent  is  the  important  thing  to 
obviate.  In  France  and  Germany,  where  much  more  carefully  con- 
structed axle-boxes,  insuring  far  more  reliable  lubrication,  are  in  use 
than  here,  as  shown  in  Figs.  156  to  159.  far  higher  pressures  are  likewise 
in  use,  without  evil  results,  up  to  fully  double  American  practice,  and  with 
great  economy  of  lubricants ;  but  the  crude  form  of  axle-box  usual  in 
this  country,  shown  in  Fig.  160,  permits  fully  nine  tenths  of  the  oil  sup- 
plied to  the  journal  to  drip  out  upon  the  track  before  it  has  done  much 
service. 

645t  The  coefficient  of  train:  resistance  due  to  axle-friction 

coeff.  of  fric.  x  diam.  of  axle  ^        _.       ^  ^         ^    ,  . 
= -p7 7 — r — j (see  Fig.  161),  and  this  x  2000  or  2240 

=  journal  train  resistance  in  lbs.  per  ton.  With  the  same  axle,  therefore, 

by  increasing  the  diameter  of  the  wheel 

fiom  33  to  42  in.  we  should  decrease  ^^     "^^ 

axle-friction  to  ff  of  its  former  amount,  yr  >^ 

or  about  \,      With  the  same  wheel,  the  /  ^ 

comparative  axle- friction   is  directly  as  I  ^®^^^iSf— ^ 

the  diameter  of  the  journal.  y  / 

646i  If  the  average  journal-friction  \^  ^/ 

in  motion  be  taken  at  4  lbs.  per  ton,  the  * 
larger  wheels,  therefore,  will  save  about  ^^^'  '^*' 

0.8  lb.  per  ton  of  rolling-friction,  but  they  will  add  possibly  10  per  cent 
to  the  weight  of  the  car,  and  therefore  to  grade  resistance.  Hence, 
wherever  the  grade  resistance  exceeds  about  8  lbs.  per  ton  (=  that  on  a 
0.4 per  cent  grade;  21  feet  per  mile), the  use  of  42-inch  wheels  is  a  losing 
operation,  so  far  as  mere  train  resistance  in  motion  is  concerned,  but 
there  still  remains  as  a  net  gain  the  improvement  in  riding  qualities  of 
the  cars  and  in  ease  of  starting — both  very  important  gains. 

647i  Many  circumstances  indicate  that  the  rolling-friction  proper,  between 
the  rail  and  wheel,  is  an  element  of  considerable  importance  in  the  aggregate 
of  the  so-called  **  rolling  friction."  One  is  the  known  and  great  effect  of  the 
condition  of  the  track  on  the  resistance.  It  is  probably  largely  due  to  this 
caase  that  modern  determinations  of  rolling-friction,  both  in  this  country  and 
abroad,  are  so  much  below  what  was  formerly  the  assumed  average.  Another 
is  the  ordinarily  very  perfect  condition  of  railway  journals  and  the  very  low  co- 
efficients which  have  been  obtained  by  Thurston,  Tower,  and  others  for  journal- 
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basis  for  the  computations  of  this  volume  as  having  a  truly  wondfif 
range  of  application  to  all  speeds,  conditions,  and  classes  of  trains,  C| 
if  it  is  not  precisely  correct,  is  open  to  the  sole  serious  objection  A 
that  chiefly  theoretical)  that  it  in  effect  assumes  all  velocity  resistanot 
be  oscillatory,  or  uniform  per  ton,  regardless  of  the  form  of  the  cars 
pars.  657-8) ;   while,  on  the  other  hand,  formulae  proposed  by  Mr. 
Chanute   (in    Haswell's   "  Pocket- Book ")  are   distinctly  based  on 
assumption  that  the  velocity  resistance  is  wholly  atmospheric, 
of  these  assumptions  are  unquestionably  erroneous,  although  whi< 
most  so  must  remain  doubtful. 

653.  The  writer  has  conducted  the  only  tests  as  yet  made,  and  km 
to  him,  which  have  been  distinctly  directed  to  the  end  of  determii 
che  amount  of  each  element  of  train  resistance  separately,  and  owin^f' 
the  delicacy  of  the  apparatus  by  which  they  were  made,  and  the 
care  used  in  computing  them,  he  believes  them  (with  perhaps  a  nx 
bias)  to  be  still  the  most  trustworthy  indication  in  that  respect.     Tl 
experiments  are  given  in  full  in  Appendix  A,  and  their  general  results; 
shown  graphically  in  Fig.  163.  tlieir  most  striking  feature  being  perha 
the  positive  evidence  that  atmospheric  resistance  is  at  least  a  less 
portion  of  the  velocity  resistance  than  is  commonly  assumed,  and 
the  resistance  arising  from  oscillation  and  concussion,  whatever  its 
cause  and  nature,  is  a  materially  more  important  element. 

654i  Nevertheless,  there  is  a  fact  tending  to  disprove  these  concl#' 
sions,  viz.,  the  enormously  greater  indicated  power  of  locomotives  ^ 
high  speeds  than  that  transmitted  backward  to  the  train  as  determine^ 

by  a  dynamometer.     Table  164  gives  one  record  illustrating  this  fact 4 

test  trip  of  a  fast  express  train  on  the  New  York  Central  &  Hudson  Rivef 
Railroad,  made  by  Mr.  P.  H.  Dudley,  in  which  it  will  be  seen  that  only 
some  45  per  cent  of  the  indicated  power  passed  back  of  the  dynamome* 
ter  car  to  the  train  at  53  miles  per  hour.  Figs.  164,  165,  giving  the  re- 
sults of  some  elaborate  French  tests,  show  a  still  higher  proportion  of  en* 
gine- friction.  Other  tests  of  the  kind  show,  according  to  the  speed,  from 
40  to  75  per  cent.  The  whole  subject  is  still  involved  in  much  obscurity 
and  doubt,  but  Figs.  164,  165  and  Table  165  will  illustrate  how  very  im- 
portant  an  element  the  head  resistance  is  at  high  speeds. 

655.  According  to  the  best  evidences  which  the  writer  has 
been  able  to  secure,  the  ordinary  working  maximum  of  train  re- 
sistance, under  somewhat  adverse  conditions  as  respects  wind 
and  surfacing  of  track  and  rail,  may  be  considered  to  be  not  un- 
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ed^e  of  the  head  of  the  outer  rail  was  greased,  and  31  per  cent  more  when  the 
other  rail  was  greased. 

The  striking  correspondence  of  these  experimental  results  with  those  de- 
duced theoretically  in  pars.  301-320  et  seq.  is  notable. 

THE  VELOCITY  RESISTANCES. 

650.  The  best  evidence  that  we  have  warrants  the  all  but  universal 
assumption  that  train  resistance  varies  as  the  square  of  the  velocity,  or 
that  its  equation  is  of  the  form 

R  =:/z/«  +  c. 

This  is  still  merely  assumption,  not  only  as  respects  train  resistance  as 
a  whole,  but  as  respects  each  separate  constituent  element.  Air  resistance, 
for  example,  is  known  by  observations  on  projectiles  to  vary  more  nearly 
as  the  cube  of  the  velocity,  when  the  latter  is  very  great ;  but  at  all  ordi- 
nary velocities  it  appears  to  vary  very  nearly  as  the  square,  and  as  re- 
spects oscillatory  resistance,  we  know  absolutely  that  the  amount  of  de 
structive  work  (or  of  any  other  kind  of  work)  which  a  train  is  capable  oi 
doing,  either  by  a  dead  or  glancing  blow,  is  directly  as  the  square  of  the 
velocity.  These  two  elements  constituting  together  the  ordinary  "  ve- 
locity resistance,"  it  is  but  natural  to  conclude  that  the  aggregate  also 
vanes  as  the  square  of  the  velocity,  and  all  but  certain  that  it  does,  al- 
though it  may  very  easily  be  as  z/***,  or  z/'**,  or  even  i/'*',  or  may  fluctuate 
between  these  powers  at  various  speeds  or  according  to  circumstances. 
There  have  been  various  formulae  pui  forth,  and  some  of  them  on  very 
high  authority,  differing  widely  from  this  form,  some  of  them  giving  the 
velocity  resistance  directly  as  v,  and  others  (only  one  of  which  is  known 
to  the  writer)  as  v*,  but  both  of  these  assumptions  lead  to  absurd  results 
when  extended  to  very  high  sp)eeds.  and  are  unquestionably  erroneous. 

651«  One  instance  of  the  former  (as  respects  the  train  behind  the  engine)  is 
given  in  par.  662.  On  the  other  hand,  a  formula  deduced  from  Bavarian  experi- 
ments in  1876,  on  a  large  and  costly  scale,  reported  by  the  late  Baron  von 
Weber  in  a  somewhat  informal  paper,*  led  to  the  most  absurd  results,  not 
neces!(ary  to  detail  here. 

652.  As  a  rule,  no  attempt  is  made  in  train-resistance  formulae  to 

separate  the  aggregate  velocity  resistance  into  its  constituent  elements, 

although  in  some  cases  they  are  in  such  form  as  to  assert  or  imply  that 

the  velocity  resistance  is  either  all  oscillatory  or  all  atmospheric.    A 

formula  devised  by  Mr.  Wm.  H.  Searles,  which  has  been  adopted  as  the 


*  See  Railroad  GautU,  June  11,  July  16,  i8Sa 
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basis  for  the  computations  of  this  volume  as  having  a  truly  wonderful 
range  of  application  to  all  speeds,  conditions,  and  classes  of  trains,  even 
if  it  is  not  precisely  correct,  is  open  to  the  sole  serious  objection  (and 
that  chiefly  theoretical)  that  it  in  effect  assumes  all  velocity  resistance  to 
be  oscillatory,  or  uniform  per  ton,  regardless  of  the  form  of  the  cars  (see 
pars.  657-8) ;  while,  on  the  other  hand,  formulae  proposed  by  Mr.  O. 
Chanute  (in  Haswell's  "  Pocket- Book ")  are  distinctly  based  on  the 
assumption  that  the  velocity  resistance  is  wholly  atmospheric.  Both 
of  these  assumptions  are  unquestionably  erroneous,  although  which  is 
most  so  must  remain  doubtful. 

693.  The  writer  has  conducted  the  only  tests  as  yet  made,  and  known 
to  him,  which  have  been  distinctly  directed  to  the  end  of  determining 
che  amount  of  each  element  of  train  resistance  separately,  and  owing  to 
the  delicacy  of  the  apparatus  by  which  they  were  made,  and  the  extreme 
care  used  in  computing  them,  he  believes  them  (with  perhaps  a  natural 
bias)  to  be  still  the  most  trustworthy  indication  in  that  respect.  These 
experiments  are  given  in  full  in  Appendix  A,  and  their  general  results  are 
shown  graphically  in  Fig.  163,  their  most  striking  feature  being  perhaps  { 
the  positive  evidence  that  atmospheric  resistance  is  at  least  a  less  pro- 
portion of  the  velocity  resistance  than  is  commonly  assumed,  and  that' 
the  resistance  arising  from  oscillation  and  concussion,  whatever  its  exact 
cause  and  nature,  is  a  materially  more  important  element. 

654i  Nevertheless,  there  is  a  fact  tending  to  disprove  these  conclu- 
sions, viz.,  the  enormously  greater  indicated  power  of  locomotives  &t 
high  speeds  than  that  transmitted  backward  to  the  train  as  determined 
by  a  dynamometer.  Table  164  gives  one  record  illustrating  this  fact— a 
test  trip  of  a  fast  express  train  on  the  New  York  Central  &  Hudson  River 
Railroad,  made  by  Mr.  P.  H.  Dudley,  in  which  it  will  be  seen  that  only 
some  45  per  cent  of  the  indicated  power  passed  back  of  the  dynamome- 
ter car  to  the  train  at  53  milea  per  hour.  Figs.  164,  165,  giving  the  re- 
sults of  some  elaborate  French  tests,  show  a  still  higher  proportion  of  en- 
gine-friction. Other  tests  of  the  kind  show,  according  to  the  speed,  from 
40  to  75  per  cent.  The  whole  subject  is  still  involved  in  much  obscurity 
and  doubt,  but  Figs.  164.  165  and  Table  165  will  illustrate  how  very  im- 
portant an  element  the  head  resistance  is  at  high  speeds. 

655.  According  to  the  best  evidences  which  the  writer  has 
been  able  to  secure,  the  ordinary  working  maximum  of  train  re- 
sistance, under  somewhat  adverse  conditions  as  respects  wind 
and  surfacing  of  track  and  rail,  may  be  considered  to  be  not  un- 


\ 


e  fonnnlv.  an''  'ras  (or  a  lonK  lime  reearded  as  standard.    More 
high  «pe«is,  allhoueh  "he  lalifr  is  more  doiiblfiil.     S«  par.  6ss 
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developed  of  750  to  800  H.  P.,  and  taking  the  average  for  the  four  miles  1^16^  on  which 
the  grade  was  level  and  the  speed  uniform,  we  obtain : 


Average  speed,  miles  per  Average  horse^wer  expended 

hour,  51.43.  Train.  Engine.  TotaL  P.ccng. 

340  4a6  766  5S.6t 

lbs.  lbs.  lbs. 

Equivalent  toul  traction  resistance  9,479  3,106  5,585  («  |  adhetioaj 

Ditto,  in  lbs.  per  ton    9.9a  49.35  17.8 

This  is  considerably  lower  than  Table  x66  indicates,  which  is  about  30  lbs.  per  ton; 
but  one  possible  explanation  of  this  discrepancy  is  that  Mr.  Dudley's  table  does  not  war- 
rant his  declaration  that  "at  50  miles  per  hour  the  traction  was  9800  to  jcxx)  lbs.,**  but 
indicates  only  3500  lbs.  This  difference  alone  would  add  iH  to  3  lbs.  per  ton  to  the 
resistance. 

Mr.  Dudley's  engine  and  head  resistance,  as  an  average  of  all  his  record  (not  all  given 
here),  amounts  per  engine  to  0.83  F*  lb.  The  writer^s  tests  (see  Appendix  A  and  Fig. 
165)  give  a  somewhat  smaller  result  for  the  engine  resistances,  vis.: 

Lbs.  per  engine. 

For  head  resistance 0.28F* 

For  oscillation  and  concussion 0.35K* 

Toul o.63F*4-4to81ba.pertooooostanL 

By  comparison  of  a  variety  of  evidences,  however,  the  writer  believes  that  0.83  F*  ft. 
comes  very  close  to  giving  the  actual  total  velocity-resistance  of  the  engine  at  high  speeds, 
and  the  rapid  inroads  which  this  rate  makes  on  the  power  of  the  engine  is  shown  in 
Table  165. 

fairly  expressed  by  the  single  formula  of  Mr.  Wm.  H.  Searles 
just  referred  to  and  given  below.  For  the  more  favorable  con- 
ditions it  gives  unquestionably  far  too  high  resistance ;  as  for 
example,  for  a  train  of  313  tons,  as  in  Table  164,  at  50  miles  per 
hour,  it  gives  a  tractive  resistance  of  30  lbs.  per  ton  for  the  en- 
tire train,  or  9390  lbs.  total  tractive  resistance,  equivalent  to  1280 
horse-power,  whereas  the  actual  horse-power,  as  given  beneath 
the  table,  was  less  than  800.  Further  evidences  to  the  same  ef- 
fect are  given  in  par.  659  et  seq.^  below  ;  but  the  ratios  of  the 
resistances  at  various  speeds  are  of  more  practical  importance 
than  their  absolute  amount,  and  these  will  not  be  affected  im- 
portantly by  any  reduction  in  the^  latter.  Moreover,  nearly  all 
our  experimental  evidence  is  based  on  observations  taken  under 
the  most  favorable  conditions  for  low  resistance,  and  in  the  case 
of  European  tests  with  trains  of  much  smaller  cross-section  and 
w'th  cars  much  nearer  together.  The  bounding  rectangles  of  the 
9     rage  American  and  European  passenger  cars  (a  fairer  basis  of 
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Pig.  164.— Variation  in  Rbsistancb  Pir  T0n 
POK  Vabioub  Loads. 


Mil9Sp9rHow, 


Pig.  165.— Variation  in  Total  Traction  for 
Various  Loads. 


■L. I J. 

do  io 

Mites  per  Hour. 


Freuch  Tests  of  Train  Resistance  at  Low  Velocities. 

[From  Annales  des  Pants  et  Chaussies^  May,  1886.  *'  Etudes  Djmaipom^trique,"  par 
M.  Desdoint,  Ing;.  de  la  Marine,  adjoint  a  riiigi6nieur  en  Chef  du  Materiel  et  de  la  Trac- 
tion des  Chemins  de  Per  de  T^tat.] 

The  paper  showed  resistances  at  low  ordinary  speeds  of —  Lbs.  per  ton. 

Passeng^er  trains,  4<^"  wheels,  3^  X  7"  axles,  4  tonnes  per  axle,  .      .      .      •    ]  Jo  [  3*' 

Freight  "  "  "^         5        **  "        '      '      '      '    \\%\^^ 

Temperature  of  axles  53.6*  Fahr. 

At  still  lower  velocities  of  5  ft.  per  second  (3^  miles  per  hour)  the  resistance  varied 
from  4.4  to  5.4  lbs.  per  ton,  this  being  in  fact  due  to  the  lower  journal  speed,  as  observed 
by  the  writer  in  his  tests  (par.  640  et  seq.  and  App.  A  and  B),  and  not  at  all  to  their  being 
'*  valeurs  toutes  exag6r^es  comme  on  va  la  voir,"  as  suggested  in  M.  Desdoint's  paper. 

Trains  of  300  tonnes,  with  70-tonne,  4-coupled  engine,  showed  a  mean  resistance  of 
4.4  lbs.  per  ton. 
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Velocity  Resistances. 


The  following  grades  were  found  to  approximately  equalise  the  velodties  at  various 


speeds,  with  short  trains : 

Miles  per  hour. 

o     to  i^ 

i8V<  to  37 

37     to  50 

50     to  6a 

See  also  par.  447. 


Grade  per  cent. 

otoas 

as  to  x.o 

i.o  to  1.5 

Z.5  to  a.o 


BquiTalent,  lbs.  per  too. 

ID 

10  to  30 
10  to  40 


comparison  than  the  precise  cross-section  area)  compare  about 
as  follows: 

American,      .    .    .     .     .     10  X  14  ft.  =  140  sq.  ft. 

European, 8  X  12  "    =    96     " 

656.  When  we  further  remember  that  the  car-bodies  of  Ameri- 
can cars  are  separated  by  over  six  feet  from  each  other  because 
of  the  platforms,  and  that  the  trucks  are  still  more  widely  sep 
arated  ;  and  when  we  remember  further  that  foreign  engines  have 
no  cabs,  and  a  smaller  cross-section  generally — the  foreign  evi- 

Table  165. 

Engine  Head- Resistance  at  High  Speed. 

[Aooording  to  the  formula  R  =  0.83  r*  (see  foot-note  to  preceding  tabfe)  in  which  R  m  tbs 

TOTAL  resistance  of  the  mgine.] 


Spsrd. 

MiLSS 

Per  Hour. 

Total  Head 

Resistance. 

Lbs. 

Hone- 
Power. 

Lbs. 

Per  Too 

of  Train 

(313  Tons). 

10 

83 
332 

747 
1328 

2075 
29S3 

4067 

2.213 

17.71 

59-77 
141.67 

276.70 

478.20 

759- 30 

.266 
1.06 

2.38 

4.25 

6.64 

9.58 

13.05 

20 

30 

40 

CO 

60 

70 

Z^"  •••••••• 

Since  the  resistance  in  pounds  incrrascs  as  the  s^msre  of  the  speed,  the 
demanded  will  necessarily  increase  as  the  rarAr  of  the  speed.     It  takes  a  rtrj  powerful 
engine  to  maintain  a  speed  of  70  miles  per  hour  on  a  level  for  any  distance,  and  no 
can  do  it  long,  with  no  train  whatex-er  behind  it.     As  the  horse-power  correspondt 
oorrecUy  to  the  conditions  at  this  maximum  speed  it  must  necessarily 
oorrecUy  with  the  facts  at  the  lower  speeds.    See  end  of  par.  664. 
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dence  below  given  (par.  660  et  seq.)  seems  to  ratlier  support  than 
disprove  the  resistances  given  by  the  formulae  summarized  in 
Table  166  below,  altiiough  nominally  smaller. 

657.  It  has  therefore  seemed  best  to  use  as  the  basis  for  all 
train-resistance  computations  in  this  volume  the  formula  above 
referred  to  (par.  652),  proposed  by  Mr.  VVm.  H.  Searles  in  his 
*' Field-Book,*' since  this  formula  in  a  single  simple  equation 
seems  to  approximate  very  closely  to  what  experiment  indicates 
to  be  an  ordinary  working  maximum  for  the  resistance  of  trains 
of  all  classes,  at  all  speeds,  and  with  all  forms  and  weight  of  cars. 
It  is  recommended,  with  justice,  by  Mr.  Searles  as  accomplishing 
this  end,  in  the  following  words: 

"  It  is  an  empirical  formula,  based  upon  a  careful  investigation  of  all 
such  records  of  experiments  on  the  subject,  several  hundred  in  number, 
as  have  come  Under  the  author's  notice,  and  is  believed  to  give  results 
agreeing  closely  with  the  average  experience  and  practice  of  the  present 
day.  It  is  desi«»ned  to  give  the  resistances  per  ton  for  all  trains,  whether 
freight  or  passenger,  and  at  any  velocity,  under  ordinary  circumstances. 
Accidental  circumstances,  such  as  the  state  of  the  weather,  and  the  con- 
dition  of  the  road-bed,  rails,  and  roUiiig-stock,  may  largely  modify  the  re- 
sistance, but  these,  of  course,  are  not  taken  account  of  in  the  formula." 

The  formula  (simplifying  its  form  somewhat)  is  as  follows 
for  velocities  in  miles  per  hour: 
Average  resistance  of  entire  train  in  lbs.  per  ton  of  2240  lbs.,  for 

all  weights  in  gross  tons, 

_  .        ,  rr«        .  .0006  V*  (wt.  encr.  and  tender)* 

^  =  5.4   +.006  F*       H -^ ^- : ^; 

gross  wt.  of  train 

Average  resistance  of  entire  train  in   lbs.  per  net  ton,  for  all 

weights  in  net  tons, 


^     .0004783  F'(\vt.  eng.  and  tender)* 


^=  4.82  +  . 005357  F**^ 

'        "^^^^^      )'.    .  gross  wt.  of  train 

This  formula,  with  a  comparison  of  others  below  it,  is  tabu- 
lated in  Table  166. 

658.  It  will  be  seen  that  this  formula  gives  the  same  result  whether 
a  given  weight  of  train  be  made  up  of  light  empty  box  cars,  weighing 
perhaps  9  tons  each,  or  loaded  coal  cars  weighing  three  or  four  times  as 
much  and  exposing  only  one  third  or  one  half  the  area  to  air  resistance , 


k*. 
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Table  I«6. 

Train  Rbsistancb  oh  a  Levkl  a>  ArrecrtD  by  VcLocrry. 

Giving  what  maj  be  contiderEd  u  the  oc&ntxj  voritint:  maximum,  »  OMitpdted  Eront  tht 

genenl  f'-nnuU  of  Wk.  H.  SeaRLES,  coincidine  cloaetf  with  the  appanot  '"""''"w 

of  tbe  rooit  ncent  leiU,  but  pouUilj  u  much  u  «(  tUrd  lao  JUg*  for  tlw  naiMaBCM 

at  bieh  ipcedi  under  f&vorable  csoditiotu  (par.  635  </  ■«;■)• 


For  fotmulx  of  r 


I  ToT*i.  Wi. 


Fnr  mistum  and  formul;?  prr  lonK  loa.  ^Jd  i>  per  OOt. 

Wei^l  of  can  ukcn  al  15  l>>n£  i>>ns.  56.000  Ibt.  each,  loaded. 

Adt  of  ih<  fimaubr  o<vn)iami  on  ihe  followlni;  pace  pn  pnctkallr  liVnrtfal  lewla, 
inpl  thai  )Ir.  Chanule'*  formulv  (ntncted  f rvm  the  new  editioD  of  HafwdTi "  Podat- 
luok").  alihiHiirb  n<rm-t  fit  the  iraiiu  pmhably  wsMd.  Tic:  iiimn|.ii  tnisa  M  Uch 
elocilie*  and  fivieht  It^ins  M  Km  vrkx-iiin.  ci**  the  resiMaiicc  of  Iccicht  traioi  li  h%k 
dochia  at  «oIt  HMHai  aiuch  per  tt>o  at  passcnccf  uaia& 


CHAP.  XIII.— TRAIN  SESISTANCE—HICH  SPEED.       %1% 


•I  3    8 

J  '-\ 

-  ii 

i  I  I 


526       CNAF.  XIII.^TRAIN  RESJSTANCE^HIGH  SPEED. 

_  ■  ■ 

in  other  words,  it  attaches  no  weight  whatever  to  atmospheric  resistance 
and  the  form  of  the  train.  The  writer's  experiments  (Fig.  163)  indicate 
positively  that  this  is  more  nearly  true  than  is  generally  suspected,  but  in 
gojng  to  such  an  extreme  tlie  formula  is  unquestionably  defective.  It 
would  seem  also  to  be  theoretically  defective — or  if  not  that,  certainly  to 
go  a  long  way  beyond  experimental  authority — in  nrultiplying  one  im- 
portant term  of  the  equation  by  the  square  of  the  weight  of  engine.  No 
theoretical  justification  for  this  is  apparent.  The  constant  for  |t>lling- 
f fiction,  4.8  lbs.  per  ton,  is  also  a  little  too  high  for  loaded  trains, 
although  fair  for  a  mean  between  loaded  and  empty. 

But  with  all  these  minor  imperfections  the  formula  is  certainly  one  of 
wonderfully  exact  application  to  a  wide  range  of  trains,  from  an  engine 
running  light  to  the  longest  freight  trains,  and  at  all  speeds.  The  writer 
maybe  overmuch  disposed  to  look  on  it  with  favor,  since,  as  examination 
of  Fig.  165,  Appendix  A,  and  Table  165  will  show,  it  could  hardly  agree 
better  with  all  the  conclusions  of  his  own  tests,  made  in  1879,  had  it  been 
based  on  them  alone ;  yet  the  comparison  given  in  and  below  Table  166 
with  the  formulae  given  by  Mr.  O.  Chanute  in  Haswell's  '*  Engineer's 
Pocket- Book"  shows  that  it  compares  equally  well  with  some  other 
modern  formulae.* 

A  variety  of  further  evidence  as  to  the  absolute  amount  of  train  re- 
sistance at  high  speed  is  given  below  : 

659.  The  tests  of  Mr.  J.  W.  Hill  on  an  American  freight  train  at  slow 
speeds,  given  in  Tables  146-7  and  Fig.  115,  check  very  closely  with  the  formula. 
Mr.  Hill's  tests  were  on  a  freight  train  weighing  782.94  tons  in  all,  with  an  engine 
and  tender  weighing  55.72  tons.  The  observed  and  computed  resistances  com- 
pare as  follows : 

Resistance  in  Lbs.  Per  Ton. 

Velocity  in  Miles  4 » 

Per  Hour.  Observed.  Computed.  \ 

17.23  7-57  6.97 

22.67  7.27  8.54 

23.00  7-55  8-66 

The  observed  resistances  should  be  reduced  5  to  10  per  cent  for  the  internal 
friction  of  the  locomotive.  They  indicate  that  the  formula  is  substantially  cor- 
rect at  slow  speeds,  but  increases  too  fast  with  speed. 

660.  Mr.  Stroudley's  tests  on  a  train  weighing  335.7  tons  of  2240lb8.  groit, 


j*The  examples  of  the  application  of  these  formulae  to  various  trains  given 
in  the  above  "Pocket- Book"  contain  some  serious  errors  which  are  liable  to 
deceive. 
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with  an  engine  and  tender  weighing  60.05  tons  of  2240  lbs.  (Fig.  123)  should,  ac- 
cording to  Mr.  Searle's  formula,  have  had  the  following  resistance; 

^  =  5.4  +  .012445  y* 

For  40  miles  per  hour  this  gives  25.3  lbs.  per  ton,  which  amounts  to  906 
horse-power,  whereas  the  average  horse-power  is  recorded  as  only  529  horse- 
power, and  the  maximum  shown  by  any  diajg^ram  was  668;  but  then  the  draw- 
bar traction  on  the  same  train  is  given  as  an  average  of  4477  lbs.,  which  at  the 
average  speed  of  44.3  miles  per  hour  foots  up  528  horse-power  (13. 36  lbs.  aver- 
age traction)  transmitted  through  the  draw-bar  to  the  train  alone,  excluding  all 
engine  and  head  resistance.  If  the  latter  bore  anything  like  the  ratio  to  the 
car  resistance  that  it  does  in  Fig.  165,  the  total  resistance  should  have  been 
fully  up  to  what  Mr.  Searle*s  formula  gives. 

661t  7^ki  Engineer  (April  4,  1884)  states  it  to  be  a  figure  "accepted  by  lo- 
comotive superintendents  "  that  with  a  total  train-load  of  336  long  tons  the  train 
resistance  at  60  miles  per  hour  is  40  lbs.  per  ton,  which  corresponds  closely  to 
Table  166. 

662*  In  a  French  paper  on  the  subject  of  train  resistance  and  economy  of 
grades*  we  have  the  following  formuls  given, which  appear  to  have  been  deduced 
from  very  carefully  made  tests : 

"  The  resistance  of  an  engine  and  tender  is  given  by  the  formula 

,    3.sE  ,    /Fv» 
^  =  3.3+  ^^—+  I— I  , 

'       1000    '     >20  / 

in  which 

E  =  Indicated  tractive  force  in  kilogrammes, 

P  =  Resistance  per  tonne  in  kilogrammes, 

y  =  Velocity  in  kilometres  per  hour. 

"  For  the  train  hauled  we  have 

y 

40 

For  a  speed  of  80  kilos,  per  hour,  which  is  very  nearly  50  miles  per  hour. 

and  calling  2  lbs.  per  ton  =  i  kilo,  per  tonne,  as  it  is  almost  exactly,  we  have 

from  this  formula  for  the  train  tested  by  Mr.  Dudley  (Tables  146-7) : 

Per  Ton.  Tout. 

For  engine  resistance 60  lbs.  3.780  lbs. 

For  train  resistance 8    '*  2.000   " 

Total  (for  313  tons) 18.5  lbs.         5.780  lbs. 

*  ''Notice  sur  les  Prix  de  Revient  de  la  Traction,  et  sur  les  Economies  r^ali- 
s6es  par  TApplication  de  Diverses  Modifications  aux  Machines  Locomotives. 
Par  M.  Ricour,  Ing^nieur  en  Chef  des  Ponts  et  Chauss^s,"  Annates  des  P.  et 
C,  Sept,  1885. 
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This  corresponds  very  closely  to  what  we  have  juit  deduced  (Table  164) 
from  Mr.  Dudley's  tests. 

663>  Another  French  formula,  based  on  the  experiments  referred  to  beneath 
Figs.  164-165,  gives  still  lower  results,  indicating,  at  50  miles  per  hour. 

For  engine,  tender,  and  rear  car 31.0  lbs.  per  ton. 

For  interposed  cars 7.  x 


I*  •* 


Ii  is  stated  in  the  same  paper  that  at  about  18.6  miles  per  hour  the  resist- 
ance is  double,  and  at  31  miles  per  hour  triple,  what  it  is  at  6  to  9  miles,  and 
that  **at  still  higher  velocities  the  increase  is  rapid."  This  is  far  from  true 
for  American  rolling-stock,  and  probably  for  any  other,  up  to  30  or  40  miles 
per  hour,  and  the  exact  figures  given  may  be  rejected  as  untenable,  except  that 
they  may  serve  as  cumulative  evidence  that  the  resistances  at  high  speeds  are 
not  so  great  as  many  formulae,  including  those  of  Table  166,  give  them,  at  least 
for  European  trains  under  favorable  conditions. 

664i  A  test  was  made  in  1884.  upon  the  Bound  Brook  route,  between  Phila- 
delphia and  New  York,  to  ascertain  the  difference  in  the  consumption  of  coal 
between  an  express  train  running  on  schedule  time  and  the  same  train  run  at 
a  very  low  speed,  but  otherwise  under  the  same  conditions,  the  same  five  cars 
and  precisely  similar  engines  being  used.  The  trains  ran  in  each  case  from 
Philadelphia  to  Bound  Brook  and  back,  a  distance  of  119  miles.  The  slow  trip 
was  made  in  9  hours  and  23  minutes,  4420  lbs.  of  coal  being  consumed.  The 
train  stopped  at  the  same  places  as  the  regular  express  trains,  the  only  unusual 
feature  of  the  trip  being  the  funereal  pace,  averaging  a  little  over  13^  miles  an 
hour. 

The  performances  compared  as  follows  : 

Speed.  Coal  burned. 

Slow  trip 12^  m.  per  h.     4,420  lbs. 

Fast  trip 50±  **     *•  6.725'* 

Difference. . .     37^  m.  per  h.     2.305  lbs.  =  34.2  per  cent  saved. 

The  engine  and  tender  weighed  75  tons,  and  the  five  cars  126  tons. 

According  to  D.  K.  Clark's  formula,  R  = 1-  8  (for  gross  tons),  the  com- 
parative resistances  at  these  speeds  should  have  been  about  31  to  \^\  lbs.,  or 
more  than  double,  and  this  gives  a  much  less  rapid  increase  with  speed  than 
most  modern  formulae.  (See  Fig.  163.)  By  Table  166  the  difference  should 
have  .been  more  than  three  to  one.  This  appears  to  indicate  very  low  velocity 
resistances.  Coal  consumption,  however,  is  but  a  very  vague  guide  to  train  re> 
sistance,  it  being  quite  certain  that  the  power  is  developed  more  economically 
at  the  higher  speeds.  Still  this  test  certainly  tends  to  show  that' the  resistances 
due  to  speed  are  not  as  great  as  supposed,  as  do  also  the  facts  presented  be- 
neath, Table  164,  Figs.  164,  165,  and  the  tests  already  referred  to  (par.  444) 
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made  on  the  Lake  Shore  &  Michigan  Southern  Railway  (Transactums  Am,  So€, 
C.  E„  Oct.,  1876,  p.  344.  **  Experiments  and  Tests,"  by  P.  H.  Dudley),  in  which 
tests  the  conclusions  reached  were  expressed  as  follows  : 

"  We  found  that,  with  the  long  and  heavy  trains  of  650  to  700  tons  it  re- 
quired less  fuel  with  the  same  engine  (Mogul)  to  run  trains  at  18  to  20  miles 
per  hour  than  it  did  at  10  or  12  miles  per  hour.  The  engine  at  the  highest 
rate  of  speed,  seems  to  produce  its  power  more  economically.' 


i> 


Table  167. 
Speed  of  the  Fastest  Trains  in  England  and  America. 

[From  Mr.  E.  B.  Dorsey's  paper  on  "  English  and  American  Railroads  Compared,**  Tramv 

American  Soc.  C.  E.,  1885-6.] 

English  Railways, 


Line. 

Termini. 

Miles. 

Time. 

including 

Stops. 

inclTstops. 

• 

London  A  N.  W 

London  io  Liverpool. ... 

**         Glasgow 

"         Edinburgh... 

"         Holyhead 

**         Glasgow 

•*         York 

301.75 
406 
40X 
364 

444 
188.35 

397 
316 

X18.5 

50 
765 
135 

h.    m. 
4    30 

xo     CO 

9    55 

6    40 

xo      30 

3    55 

9    00 
6    00 

3      36 

I  05 

«    47 
3    30 

44.8 
40.6 
40.4 
39-6 

43 
48.1 

44.1 
36 
45.6 
46.  X5 
43.6 

50 

M                            »t 

II                         (4 

4«                          14 

Great  Northern 

*i 

4* 
Qreat  Western 

"         Edinburgh  . . . 

••         Swansea 

**         Bristol 

**         Brighton 

*•         Dover 

**         Nottingham  . . 

44 

f^ndon,  Br.  &  S.  Coast 

London,  Ch.  &  D 

Midland 

American  Railways, 


N.  Y.,  N.  H.AH 
Pennsylvania 


44 


N.  Y.  Centnd  &  H.  R. 


41 


44 


44 


Central  of  New  Jersey . 
Baltimore  ft  Ohio 


New  York  to  Boston 

Jersey  City  to  Phila 

**  Pittsburg.. 

**  Chicago... 
New  York  to  Albany 

"  Buffalo.... 

**  Chicago... 

Jersey  City  to  Phila 

Baltimore  to  Washington 


234 

89 

443 
91X 

>43 
44  « 
980 

90 
40 


6  00 

»  59 

"  45 

35  X5 

3  30 

XX  00 

35  30 

3  CO 

o  45 


39 

44-9 

37-7 
36.1 

40.9 

40. X 

384 
45 

53-33 


These  runs  are  in  every  c^at/rom  terminus  tc  terminus ^  which  makes  a  difference  of 
5  to  8  miles  an  hour  from  the  speed  obtained  by  selecting  only  the  most  favorable  parts 
of  the  run.     See  summary  on  following  page. 
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The  aggregates  of  the  preceding  tables  compare  as  follows : 

13  English  trains,  averaging  3409^  miles  ran  at  43.53  miles  per  hour. 
9  American    "  *•         374H     *»         »•     41.71     "  " 

Or,  omitting  the  two  long  rans  of  over  900  miles  from  Chicago  to  New  York : 
7  American  trains,  averaging  314  miles  ran  at  43.90  miles  per  hour. 

While  this  table  correctly  indicates  that  the  fastest  trains  in  England  and  America 
make  substantially  the  same  time,  the  average  speed  of  aU  trains  is  undoubtedly  consider- 
ably higher  in  England,  owing  chiefly  to  the  fact  that  there  are  almost  no  grade  cmasings 
or  highway  crossings,  and  in  part  to  the  shorter  rans,  which  always  justify  and  require 
higher  speed  for  equal  convenience. 


665t  According  to  Table  165,  the  difference  in  the  horse-power  demanded 
to  overcome  the  engine  resistances  only  in  the  Bound  Brook  test  just  mentioned 
would  have  been: 

Trip.  Time  X  Horse-power.       **  Hour  Hone-powers.**    . 

Slow,     ....     9.4  hours  X      5  H.  P        =47 
Fast,     ....     2.4  hours  X  271.7  H.  P.    =  652 


Total  difference  in  head  resistance,     .     .     .    605 
The  total  difference  in  coal  consumption  being  2305  lbs.,  we  have 


2305 


605 

3.62  lbs.  as  the  coal  burned  per  horse  power  per  hour,  without  making  any 

allowance  for  the  increased  car  resistance  due  to  speed  on  the  one  hand,  or  for 
the  greater  economy  with  which  steam  is  used  at  high  speed  on  the  other  hand. 
As  3.62  lbs.  is  about  a  fair  rate  of  coal  consumption  under  the  circumstances 
(rather  high),  these  two  latter  may  have  approximately  balanced  each  other. 

666i  Table  167  shows  the  fastest  regular  trains  in  England  and  America, 
every  train  on  the  list  probably  reaching  a  speed  of  60  miles  per  hour  on  short 
stretches  of  almost  every  run.  The  fastest  trains  do  not  haul  over  125  tons  to 
train,  but  even  then  they  could  not  probably  make  the  time  they  do  if  the 
resistances  were  quite  as  high  as  in  Table  166.  When  all  proper  allowances 
are  made,  however,  the  facts  do  not  necessarily  imply  any  materially  lower 
resistance. 

ENGINE-FRICTION. 

667.  In  computing  train  resistance  it  is  not  essential  to  assume  any 
different  rolling-friction  for  the  engine  than  for  the  cars.  The  tender- 
friction  should  of  course  be  the  same,  and  the  engine-truck  friction  sub- 
stantially the  same,  while  for  the  driving-wheel  base  we  have  only  to 
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consider  the  rolling-friction  between  wheel  and  rail  only,  and  not  the 
journal  friction,  since  the  latter  does  not  tax  the  adhesion  (par.  608). 
The  same  is  true  of  all  the  internal  machinery-friction  of  every  nature 
and  kind  ;  so  that,  as  we  have  plenty  of  steam-power  in  freight  service,  or 
can  have  by  reducing  the  speed,  and  only  lack  tractive  force  in  pounds, 
the  machinery  and  driving-journal  friction  is  of  slight  importance  for 
freight  service,  whether  much  or  little.  For  passenger  service  it  may  be 
of  more  importance,  and  it  will  at  least  be  profitable  to  summarize  the 
evidence  as  to  its  amount. 

668i  The  locomotive  is  a  simple  machine,  and  the  evidence  does  not 
make  it  probable  that  more  than  5  to  8  per  cent  of  its  indicated  power 
fails  to  reach  the  periphery  of  the  drivers.  Ten  per  cent  is  often  allowed. 
In  complicated  low-pressure  compound  engines  the  machinery-friction  is 
10  to  15  per  cent.  In  small  stationary  engines  (Table  168)  the  loss 
ranges  from  1 2  to  20  per  cent. 

In  16x24  American  locomotives,  the  tests  of  John  W.  Hill  (Tables 
146-7)  show  that  some  13  lbs.  per  ton  of  locomotive  and  tender  was  act- 
ually required  to  propel  it  without  load  at  speeds  of  17  to  23  miles  per 


Table  168. 
Estimated  Cost  of  Power  and  Efficiency  of  Stationary  Engines. 

[Abstracted  from  a  careful  and  detailed  paper  by  Charles  E.  Emery,  Ph.D.,  M.  Am.  So.  C.  E., 

Trans.  Am.  So.  C.  B.,  November,  1883.] 


H.P. 

Kind. 

Cost  in 
Mass. 
1874. 

Loss 

cent  by 
Fric- 
tion. 

Indi- 
cated 
H.  P. 

Feed. 
Water, 

iff  P. 

Coal 

I.  ff.'^p. 

Evap. 

per  lb. 

Coal. 

Cost 

iPp. 

days. 

5 

10 

«5 
90 

"5 

50 

100 
aoo 

3«> 
400 

500 

Portable  Upright 

**         Horizontal... 
i*                 4* 

•  •  • 

Sutionary  Non-€ond*g. 
Condensing  Single 

tt                              4» 
44                            4* 

•      ■     •             • 

44                            44 
44                            44 

S645 
988 

",487 
1,981 

2.44> 

5.33« 

9,207 
16,785 

a3»899 
29,958 

36,220 

20 
20 
18 
IS 
H 

12 
II 

ID 

9-5 
9  5 
9  5 

6.25 
12.50 
18.29 

23 -53 
29.07 

56.82 

112.36 
220.99 
33«-49 
441-99 
55a -49 

4a 
38 
36 
34 
3a 

27 

a3 
22.2 

22.2 

22.2 

22.2 

5.60 
5.10 

4.80 

425 
4.00 

337 

2.6z 

2.52 

2.52 

9.5a 

2.52 

75 

7.5 

7-5 

8. 

8. 

S.as 

8.8 
8.8 
8.8 
8.8 
8  8 

f«76.46 

109.96 

90.14 

73a8 

67.28 

5a.  15 

36.0a 
28.64 
26.8a 
a6.ox 
25.66 

This  table  is  carried  out  in  the  paper  in  much  more  detail,  but  the  above  are  the  most 
important  data. 
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hour,  whereas  the  average  resistance  of  the  train  behind  it,  at  the  same 
speeds,  was  only  some  6}  lbs.  per  ton.  Assuming  that,  owing  to  the 
greater  weight  on  the  locomotive  drivers,  the  rolling-friction  proper,  be- 
tween rail  and  wheel,  was  at  least  as  much  as  the  rolling  and  axle  fric- 
tion combined  of  the  train  behind  it,  we  may  divide  up  this  i8  lbs.  ap- 
proximately as  follows : 

LlM.PferToii.    Tocml  LbiL 
7a;r/>r^  tf</^/j/V7/f.' Rolling-friction 7  592 

Head  and  oscillatory  resistance,    .    .      2  112 

Not  taxing  adhesion :  Friction  of  engine  running  light,      4  224 

Assumed  addition  due  to  load,    .      5  2&> 


i«  «( 


Total 18  1,008 

Actual  average  tractive  pull  (nearly  |  load  on  drivers),     .     •     .     6,250 
Maximum  tractive  pull  in  ordinary  work  (i  weight  on  drivers),   11,200 

This  would  indicate  that  when  the  engine  is  working  fairly  hard  the 
internal  friction  consumes  about  9  per  cent  of  the  indicated  power,  but  it 
is  almost  certainly  tr>o  high.  When  an  engine  is  working  light  and  run- 
ning fust  a  much  larger  proportion  of  the  energy  developed,  up  to 
nearly  \,  would  appear  to  be  used  up  by  internal  friction,  and  no  doubt 
is — a  waste  well  worthy  of  attention,  but  not  of  that  ruinously  injurious 
character  that  an  equal  tax  on  the  adhesion  would  be. 

669.  The  friction  of  the  slide  valve  is  one  of  the  chief  soorces  of  loss 

by  machinery-friction ;  but  by  the  rapid  introduction  of  *'  balanced  "  slide-valves, 

or  those  which  have  the  pressure  excluded  or  counteracted  on  the  top  side  of 

the  slide-valve,  this  loss  is  being  largely  eliminated.     The  slide  valve  exposes  an 

area  of  from  70  to  100  sq.  in.,  averaging  perhaps  90  sq.  in.,  to  the  sieam-pres- 

sure  in  the  steam-chest,  which  may  be  taken  to  average  at  least  100  lbs.  per  sq. 

in.,  giving  some  9000  lbs.  pressure.     With  good  lubrication  this  pressure  would 

create  no  great  amount  of  friction,  but  with  the  imperfect  lubrication  which 

alone  is  possible,  it  is  far  more  serious.     The  coefficient  is  probably  in  the 

neighborhood  of  o.i  to  0.2  in  ordinary  working,  causing  a  resistance  to  motion, 

in  both  steam-chests,  of  900  to  iSoo  lbs.     With  5  in.  travel  of  valve  and  50-in. 

drivers  the  slide-valve  travels  about  ^  as  far  as  the  engine,  which  would  OMke 

000  to  iSoo 
this  loss  equivalent  to =  say.  55  to  no  lbs.  of  tractive  resistance, 

amounting  to  something  like  i  per  cent  of  the  ordinary  work  done,  which  in 
starting  is  no  doubt  often  much  more. 

Direct  experiments  on  the  Boston  &  Albany  road  gave  a  resistance  to 
motion  of  2100  lbs.  in  starting  under  the  worst  conditions — full  stroke  with 
throttle  wide  open;  while  with  the  Richardson  balanced  slide-valve,  which  is 
one  of  the  most  approved,  325  lbs.  sufficed.     When  once  in  motion  it  is  prob- 
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able  that  the  contrast  is  much  less  striking,  but  the  saving  in  wear  as  well  as 
resistance  is  so  great  that  balanced  slide-valves  promise  to  be  soon  practically 
universal. 

670i  Otherwise  than  this  it  is  difficult  to  account  for  any  great  loss  by  fric- 
tion at  any  one  part  of  the  machinery.  Therefore,  since  no  difficulty  is  found 
in  obtaining  correspondingly  favorable  results  with  stationary  engines  of  equal 
power  and  more  complication,  we  may  conclude  with  some  certainty  that  5  to  8 
per  cent  of  the  indicated  power  represents  the  full  extent  of  the  loss  by  ma- 
chinery-friction proper,  in  ordinary  cases. 

671t  Tests  at  the  works  of  Messrs.  Schneider  &  Co.,  Creusot,  reoorted  by 
Mr.  M.  F.  Delafield  in  a  notable  paper  published  in  the  AnnaUs  des  Mines  (and 
most  other  scientific  journals  of  the  world),  1885,  made  on  a  22  X  44  in.  Corliss 
engine,  which  could  be  worked  either  condensing  or  non  conden^ine.  gave  the 
following  relation  of  indicated  and  effective  power: 

Condensing  engines,  efifective  H.  P.  =  .902  I.  H.  P.  —  j6 
Non-condensing  **  "  **       =  .945  I.  H.  P.  -  la  ' 

This,  however,  is  not  known  to  apply  correctly  to  other  th^n  engines  ap- 
proximately similar  to  that  tested,  which  developed  1^0  to  250  H.  P.  with  about 
60  revolutions  per  minute,  according  as  it  was  conden««ing  or  non-condensing. 

672t  Tests  purporting  to  give  very  high  or  low  entwine  friction  must  be 
looked  on  with  extreme  scepticism.  There  is  ^.soeci«il  danger  of  error  in  inter- 
preting the  apparent  results  of  such  tests  Thus,  test«  of  an  apparently  very 
accurate  character  by  the  Locomotive  Superintendent  of  the  Eastern  Railway 
of  France*  show  that  of  the  total  indicated  borse-oower  only  42.5  and  41.6  per 
cent  was  delivered  to  the  draw-bar,  in  two  successive  tests,  out  of  which  it  was 
assumed  that  34.2  and  35.6  per  cent  was  consuiTied  by  the  bare  friction  of  the 
engine  mechanism,  after  deducing  thr  assumed  resistance  of  the  engine  and 
tender  considered  as  vehicles.  The  e'ror  lay  in  an  insufficient  allowance  for 
the  latter,  and  especially  in  an  insn.fY^cient  allowance  for  head  resistance,  which 
at  high  passenger  speeds,  such  as  th^t  of  che  tests,  consumes  a  large  part  of  the 
power. 

673t  An  investigation  by  the  writer  g'ven  in  par.  128  shows  that  20  lbs.  X 
6  5  lbs.  per  car  gives  the  ordinary  coiisamption  in  passenger  service;  indicat 
ing  a  very  small  loss  by  intern^^l  friction. 

674.  To  get  at  the  collective  resistance  of  the  bearings  of  a  locomotive 
under  steam,  and  to  separate  <t  i:ito  its  constituent  elements.  Messrs.  Vuillemin, 
Guebhard,  and  Dieudonn^  maQe  some  experiments,  narrated  in  a  work  by  Josef 
Grossmann.f  showing  the  tr  ijowing  results: 

♦  F-nnriiiffiinfr  2Ln^  Fn<(i»wr,  1885. 

♦  *•  Die  Schni'ern^itiel  und  Lagermetalle  ftlr  Locomotiven,  Eisenbahnwagen, 
S/*hiA«fQachiner..  e»c.'*  Von  Josef  Grossman. 1.  Ingenieur  der  ^sterreichischcn 
Mc»tJ«/tf.upuhn.     Wief/oaden,  C.  W.  Kreidels'  Verlag.  1885. 
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, Pounds  Pb«  Nrr  Tow.     '        » 

Non-coupled       4'Coupled       6<oupled 
pass,  engines.      enirinct.         cngioet. 

Total  resistance  per  ton  of  locomotive i6  o  25.2  3044 

Resistance  of  cold  engine  (connecting-rod 

removed) 6.0  10.44  12.30 

Percentage  of  latter  to  total  resistance 37  5  P  c.  41.5  p.  c.  40.5  p.c 

These  figures  are  for  speeds  of  17  to  21  miles  per  hour. 

If  now  the  collective  resistance  of  the  axle  and  parallel-rod  bearings  and  of 
the  valve-gear  be  deducted  from  the  resistance  of  the  cold  engine,  as  above 
given,  the  remainder  ought  to  give  the  resistance  due  to  rolling-friction;  and  if 
this  be  deducted  from  the  total  resistance  of  the  above  table,  the  remainder 
should  be,  approximately,  the  total  resistance  of  all  bearings  in  the  engine  at 
work. 

The  axle-friction  coefficient  was  assumed  at  o  C09  and  the  proportion  of  the 
diameter  of  axle-journal  to  that  of  the  wheels  at  -j^,  giving  for  the  axle-friction 
i\  lbs.  per  ton  weight  of  engine.  The  friction  of  the  valve-gear  of  the  cold 
engine  was  taken  as  i  lb.  per  ton  of  engine,  and  the  crank  pin  friction  for  four- 
coupled  engines  at  o  2  lb.  and  for  six  coupled  engines  at  0.4  lb.  per  engine  ton. 
Adding  together  these  resistances,  and  deducting  them  from  the  resistances 
of  the  cold  engines  without  connecting  rods,  the  following  table  was  obtained. 

* Pounds  Pbr  Net  Tok. — — » 

Non -coupled         4-coupled  6<onpled 

pass,  engines.         engines.  engines. 

Total  resistances  per  ton  of  locomotive,  as 
above        16.0  25.2  30.44 

Resistance  of  rolling-friction  per  ton  of  lo- 
comotive          3.50  7.74  9.40 

Percentage  of  last  to  the  total 21.87  30.71  p.  c.     30  88p  c. 

Resistance  of  oiled  parts  (in  steam)  per  ton 
of  locomotive 12.50  17.46  21.04 

Percentage  of  last  to  the  total 78.13  69.29  p.  c.    69.  la  p.  c. 

These  figures  were  assumed  to  show  how  larg^  a  portion  of  the  engine  re- 
sistances those  of  the  oiled  parts  constitute,  which  do  not  tax  adhesion. 

The  experimental  evidence  as  to  the  comparative  rolling  and  internal  fric- 
tion of  coupled  and  uncoupled  engines  is  interesting  and  possibly  correct,  but 
the  exact  figures  given,  as  with  all  such  single  statements,  must  be  received 
with  much  allowance. 

With  regard  to  the  increased  amounts  of  rolling  friction  indicated  for  four- 
tnd  six-coupled  engines,  the  author  reasonably  remarks  that  it  is  in  accordance 
with  what  might  be  expected,  since  the  coupled  wheels,  on  account  of  their 
flight  difference  of  form  and  of  imperfections  in  the  track,  cannot  roll  as  pei^ 
(ectly  as  the  uncoupled  ones,  and  must  slip  more  or  less. 
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675t  The  following  record  of  some  other  French  tests  gives  very  dififerent 
results :  * 

For  determining  engine  resistance,  the  locomotive  to  be  tested  was  set  in 
motion  at  4  or  5  miles  per  hour,  and  change  of  velocity  determined  by  accurate 
apparatus,  from  which  the  following  resistances  were  computed: 

, Pounds  Per  Ton  op  Rbsistancb. \ » 

Passenger  engine,      Locomotive  for  mixed      Freight  engine, 
3  axles,  3-coupled,    service,  3-coupled  axles,    4*coupled  axles, 
78-in.  drivers,  59-in.  drivers,  5o-in.  drivers, 

5a  tonnes.  48  tonnes.  70  tonnes. 

Engine  in  working  order...  6.4  7.2  8.0 
Eccentrics  and  connecting- 
rod  disconnected 4.7                            4.5                         6.3 

Difference 1.7  2.7  1.8 

Coupling- rods  also  discon- 
nected   4.7  4.4  6.2 

In  all  these  tests  the  effect  of  disconnecting  the  coupling-rods  is  inappreci- 
able. The  tender  resistance  was  found  to  be  only  5.0  to  5.6  lbs.  per  ton.  All 
the  above  are  the  mean  of  a  number  of  tests,  not  differing  greatly  in  result 
The  following  are  from  still  larger  averages: 

/  Rbsistancb  in  Pounds  Per  Ton.  » 

Drivers.       No.  axles     Coned  tread.  Cylindrical  tread. 

coiipled.  Link-  Link-  WalchaSrt's 

motion.  motion.         valve-gear. 

Passenger  engine..  78"  2  6.2  ..  5.2 

Mixed  engine 59"  3  7.2  7.2  ... 

Freight  engine 51^"  3  9.4 

Freight  engine 50"  4  ...  ...  8.2 

The  tests  measured  the  resistances  between  velocities  of  7,\  to  5  miles  per 
hour.  The  resistances  include  machinery-friction,  and  the  very  low  speed 
would  tend  to  make  the  resistances  considerably  higher  than  at  working  speeds, 
notwithstanding  which  fact  it  would  appear  as  if  the  results  must  certainly  be 
too  low. 

*  *'  Application  de  la  M^thode  rationale  aux  Etudes  dynamom6triques.  Par 
M.  Desdouits,  Ing^nieur  de  la  Marine,  adjoint  a  I'lng^nieur  en  Chef  du  Materiel 
et  de  la  Traction  des  Chemins  de  Fer  de  I'^tat,"  Annates  des  Fonts  et  Chaussies^ 
Mai.  1886. 
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CHAPTER  XIV. 

THE   EFFECT   OF   GRADES  ON    TRAIN-LOAD. 

676.  The  absolute  effect  of  gradients  to  increase  the  load  on  the  engine 
is  constant  and  easily  determined.  Under  the  theory  of  the  inclined 
plane  (or  rather  under  tlie  general  theory  of  the  equilibrium  of  forces) 
any  body  W,  Fig.  167,  resting  on  such  an  inclined  plane,  is  acted  on  by  at 


Fig.  167. 


least  two  forces :  the  force  of  gravity,  vertically  downward ;  and  the  re- 
action of  the  supporting  plane  s,  acting  at  right  angles  thereto. 

Since  a  body  acted  on  by  two  forces  only  cannot  remain  at  rest  (sec 
any  treatise  on  tnechanics)  unless  the  forces  are  (i)  equal  in  magnitude, 
(2)  opposite  in  direction  to  each  other,  and  (3)  he  in  the  same  right  line, 
motion  must  ensue  under  these  conditions  down  the  plane  j;  and  the  force 
/  necessary  to  resist  motion  (or  impelling  the  body  down  the  plane,  if  equi- 
librium be  not  maintained)  is  represented  by  the  length  of  any  line  /,  which 
will  suffice  10  close  the  triangle  of  forces.  The  direction  of  this  force  is 
ordinarily  fixed  by  the  conditions,  and  in  the  case  we  are  now  considering 
it  must  lie  parallel  with  the  plane  j,  as  represented  in  the  cut ;  but  a  fores 
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acting  in  any  other  direction,  as  ^or  f\  Fig.  i68,  will  suffice  for  the  same 
end,  provided  it  will  form  with  the  forces  g  and  «/, 
Fig.  167,  a  closed  triangle;  the  magnitude  only  of  the 
force  /  required  varying  thereby. 

677.  If  the  body  W,  Fig.  167,  be  an  angular  body,  this 
necessary  force  /  will  be  supplied  by  the  friction  of  con- 
tact between  the  body  and  the  plane,  and  the  body  will 
remain  at  rest  until  the  angle  becomes  very  considerable, 
as  in  sliding  a  brick  down  a  board.  If  the  body  be  a 
wheeled  vehicle,  the  journal  and  other  rolling-friction 
subserves  the  same  purpose,  so  far  as  it  goes,  as  respects 
motion  down  the  plane ;  but  since  the  rolling  friction  is 

a  very  small  portion  of  the  total  weight  of  the  body,  the  angle  of  the 
slope  on  which  the  rolling-friction  alone  will  suffice  to  maintain  equi- 
librium must  be  very  small.  When  it  does  not  suffice  for  this  purpose, 
the  body  is  impelled  down  the  plane  by  the  difference  between  the  force  / 
of  gravity  and  the  retarding  force  of  friction. 

When  a  body  is  caused  to  move  up  the  plane  it  is  obvious  that  the 
resisting  friction,  whether  much  or  little,  plays  no  part  in  reducing  the 
force  /,  tending  to  cause  the  body  to  move  down  the  plane ;  for  in  that 
case  the  two  forces  resisting  motion  coincide  with  each  other  in  direction, 
and  their  sum  instead  of  their  difference  has  to  be  overcome  by  the  ira- 
pellin.s:  force,  whatever  it  may  be. 

678.  These  are  the  conditions  under  which  the  locomotive  acts  in 
hauling  a  train  up  a  grade ;  and  in  Fig.  167,  if  ^  be  made  to  represent  the 
weight  of  any  vehicle  W  or  of  all  the  vehicles,  W^  will  represent  the 
force  with  which  they  press  against  the  rails;  /,  the  "grade  resistance"  or 

force  impelling  them   downward,   or  resisting   motion  upward ;  — ,  the 

g 

^     .            ,          .                     i_            t_        2000/        2240/  ,. 

ratio  of  the  grade  resistance  to  the  weight ;  or — - — ,  accordmg 

to  the  number  of  pounds  in  the  ton,  the  grade  resistance  in  pounds  per  ton; 
,  the  ratio  of  the  reaction  against  the  rails  to  the  actual  weight  of  the 

body,  which  may  be  deduced,  for  any  grade,  from  Table  119,  p.  341. 

679.  All  grades  are,  in  the  technical  work  of  American  and  Continen- 
tal engineers,  expressed  in  the  rate  per  cent,  although  in  common  American 
practice  the  words  *'  per  cent"  are  (somewhat  unfortunately)  omitted,  the 
grades  being  known  as  a  0.5,  0.8,  or  i.o  grade.  A  grade  so  expressed  is 
•ndcpcndcnt  of  the  particular  unit  of  measure  employed,  whether  feet. 
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metres,  miles,  or  any  other,  In  popular  American  and  English  language 
grades  are  expressed  by  feet  per  mile,  whieh  (since  there  are  5380  feet  i:i 
a  mile)  is  ji.S  times  the  rate  per  cent.  The  use  of  this  awkward  unit, 
especially  among  engineers,  is  in  every  way  to  be  regretted.  English 
engineers  are  also  mucli  given  lo  a  still  more  awkward  habit — expressing 
grades  as  rising  "  i  in  80,"  or  some  other  horizontal  distance.  (Sec  par. 
683.)  These  may  be  turned  into  grades  per  cent  with  a  table  of  recipro- 
cals.    In  Fig.  167  the  rate  of  grade  Is  given  by —.      If   we  let  cf=  100 

(whether  feet  or  any  other  unit),  then  r  will  give,  in  the  same  unit,  the 
rate  per  cent  of  the  grade. 

6B0.  Since  gravity,^,  in  the  diagram  of  forces  in  Fig.  167,  is  repre- 
sented by  the  liypothenuse  of  a  right-angled  triangle,  it  follows  that  the 
pressure  of  the  wheels  on  the  rails,  W,  can  never  be  quite  equal  to  the 
weight  of  tlie  body.  The  loss,  however,  is  not  on  any  ordinary  grade  a 
serious  or  even  an  appreciable  one.     It  maybe  determined  as  follows: 

Ratio  of  pressure  on  rails  to  real  weight — {Fig.  167)  =  - ;  but;  b  f'5"+r'. 
exactly.    Or,  approximately  (i). 


whence  {2),  j  =  __  +  i 

C81,  This  laiter  is  determined  by  a  rule  of  great  conTcnience,  which  Is  loa 
little  known,  and  which  the  student  will  do  well  lo  fix  indelibly  in  hii  memory, 

for  the  multiiudiiious  uses  of  which  il  i$  capable,  vii. : 

To  SOLVE  A  RIGHT-ANGLED  TRIANGLE  OP  SMALL  ALTITUDE  :    Sguart  tlu  Aeifkl 

or  risr  and  dividi  by  twice  tkt  base  er  hypethtnusi  (whichever  is  known).  The 
quotient  will  be  the  difference  between  the  base  and  bypoihenuse,  whence 
the  unknown  side  is  obtained  from  the  known  by  direct  Addition  or  subtrac- 
tioR.  Frequently,  bonever,  in  solving  such  triangles  the  difference  only  It 
required. 

Examples  showing  the  range  ot  error  in  Ihis  rule  are  given  ii.  Table  16H. 
The  eitrerae  examples  of  the  latter  pan  of  the  table  are  intended  only  (or  illiu- 
trative  purposes,  but  show  that  even  in  such  an  extreme  case  as  the  "  3,  4,  and 
S  triangle"  the  error  is  only  -^  or  2)  per  cent.  For  a  multitude  of  engineerinf 
computations,  where  the  altitude  of  the  triangle  is  below  \  (he  base,  the  formula 
is  sufficiently  approximate  for  all  purposes,  the  error  with  base  4  and  altinule 
I  being  less  than  half  of  one  per  cent  and  varying  as  the  square  of  the  alti- 
uide. 
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Table  168^. 

Examples  showing  Range  of  Error  in  the  Approximate  Formula  op 
Par.  681  FOR  Solving  Right-angled  Triangles. 


Given— 

Hypothbnusb. 

Error 
Per  Cent. 

Base. 

Height. 

By  Approxt> 
mate  Kule. 

Exact. 

10 
10 
10 
10 
10 
10 
10 

I 

a 

4 
5 
6 
8 

ID 

10.05 
10. a 
10.8 
11.35 
II. 8 

i3.a 
15.0 

10.049 
10.198 
10.770 
11.180 
II. 66a 
ia.8o6 
14.14a 

O.OI 
0.03 

0.03 

0.6 

1.3 
3.0 
5.7 

4 

(hyp.) 

5 

3 
3 

5^ 
(base.) 

41^ 

5- 

4- 

A 
A 

All  these  examples  are  far  beyond  the  range  of  the  highest  rates  of  grade.     For  exam- 
ples of  the  latter,  see  Table  119,  page  341. 


682i  Comparing  ihe  two  similar  triangles,  drs  and  Wtg,  Fig.  167, 
we  have,  gince  r\d\\t\  W, 

^ — 5"' 

IV  being,  as  we  have  seen,  not  the  true  weight  or  gravity  of  the  body, 
but  the  component  thereof  at  right  angles  to  the  plane,  or  the  force  with 
which  it  presses  against  the  plane. 

On  any  grade  practicable  for  locomotives,  however,  W  and  g  are 
practically  equal  to  each  other,  the  difference  even  on  a  10  per  cent 
grade  being  only  one  half  of  i  per  cent,  and  on  a  i  per  cent  grade  (52.8 
feet  per  mile)  only  j^^y  as  much,  or  yj^y  of  i  per  cent.  Therefore  it  is 
universally  customary  to  consider  that  for  all  practical  purposesr  :</:  \t:g. 
Fig.  167,  whence 

with  sufficient  exactness,  and  we  have  the  rule  already  given  in  par.  382 : 
The  rati  0/ grade  in  ft.  per  100  =  the  grade  resistance  in  ibs,  per  100  lbs,, 
whence,  evidently. 
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The  grade  resistance  in  lbs.  per  ton  =  the  rate  of  grade  pet 
cent  X  20,  OR  =  2  LBS.  per  o.i  per  cent. 

This  last  formula  should  likewise  be  indelibly  engraven  on  the  memory 
of  the  engineers  having  to  do  with  railway  work,  making  reference  to  a 
table  needless. 

683.  The  grade  resistance  in  lbs.  per  ton  on  a  grade  given  in  feet  per  mile 

/  .         .  grade  in  feet  per  mileV 

18  Isince  the  rate  per  cent  = r-^- 1 

A  *^  52.80  / 

irrade  in  feet  per  mile               grade  in  feet  per  mile 
«,„.,  to  the J X  20  =  ^ --^ . 

Or.  since  — -r-  =  o  3788,  we  have — 
2.04 

Grade  resisunce  in  lbs.  per  ton  =  grade  in  ft.  per  mile  X  0.3788  =  gimde  in 

ft.  per  mile  h-  2.64. 

For  the  long  ton  of  2240  lbs.  we  obtain,  in  the  same  way. 

Grade  resistance  in  lbs.  per  ton  ==:  grade  in  ft.  per  mile  X  •4242. 

For  a  grade  expressed  in  a  horizontal  distance  for  a  rise  of  i,  as  I  in  80^  I  in  100, 

or  I  in  </,  the  total  srade   resistance  is  — -. .  or  -r  of  the  weight :  or  in  lbs. 

80  100        d  • 

2000        2240 
per  ton,  — ■-—  or  — r— ,  for  the  short  and  long  ton  respectively.    This  method  of 

a  a 

expressing  grades  is  used  nowhere  in  the  world  but  by  English  engineers,  and 
has  nothinf^  to  commend  it. 

684.  From  the  preceding  it  follows  that  the  effect  of  grades  UPON 
the  grade  resistance  is  directly  as  the  rate  of  grade.  On  a  grade  of 
i.o  per  cent,  the  grade  resistance  is  just  twice  as  much  as  on  a  grade  of 
0.5 ;  and  by  whatever  percentage  the  rate  of  grade  be  reduced  the  grade 
resistance  will  be  reduced  as  much. 

To  determine  the  effect  of  the  grade  resistance  on  the  power  OF 
ENGINES,  the  rolling-friction,  a  constant  clement  per  ton  on  both  grades 
and  levels,  must  first  be  considered,  in  addition  to  the  grade  resistance. 

685.  Assuming,  for  reasons  already  stated  (par.  623),  that  the  rolling- 
friction  at  ordinary  freight  speeds  of,  say,  15  miles  per  hour  is  8  lbs.  per 
ton  (=0.4  per  cent  grade),  which  is  a  high  resistance  to  assume,  and 
much  liigher  than  the  ordinary  resistance  of  the  train  behind  the  engine 
only,  the  total  train  resistance,  and  hence  gross  weight  of  trains  on  any 
two  rates  of  grade,  will  be  as  the  rate  of  grade  per  cent  +  0.4,  or  as 

On  grades  of  o.  5  and  i.o  per  cent,  adding  0.4  to  each,  we  have  0.9 and 
1.4  as  the  equivalent  gradient  in  each  case,  including  the  rolling-friction. 
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The  gross  weight  of  trains  on  these  grades,  consequently,  will  be  as  0.9 : 
M  <>r  I  to  1.556,  and  not  as  0.5  :  i.o  or  i  to  2.00. 

With  grades  of  0.3  and  0.6  per  cent,  we  have  for  the  comparative 
gross  weight  of  trains  0.7:  i.o  or  i  to  1.43,  instead  of  i  to  2.00.  With 
grades  of  1.0  and  2.0  per  cent  we  have,  similarly,  1.4 :  2.4,  or  i  to  1.7 14  for 
the  comparative  gross  weight ;  whereas  in  this,  as  in  the  two  former  ex- 
amples, the  grade  resistance  only  is  as  i  to  2. 

686.  It  will  be  seen  from  these  examples  that  as  the  grades  are  higher 
the  comparative  gross  weight  of  trains  comes  nearer  and  nearer  to  the 
ratio  of  the  grade  resistance  only,  as  is  but  natural,  since  the  rolling-fric- 
tion becomes  a  less  and  less  important  fraction  of  the  total  resistance. 
Thus,  in  grades  of  2.00  and  3.00  per  cent,  the  comparative  gross  loads  are 
as  24 :  3.4  or  2 :  2.833.  But  on  the  lower  gradients  this  is  far  from  being 
the  case. 

687.  So  far,  we  have  considered  only  the  gross  weight  of  train,  in- 
cluding engine ;  but  it  is  apparent  that  the  true  measure  of  the  cost  of 
gradients  is  their  effect  upon  the  net  or  revenue- earning  load 
of  cars  and  freight,  and  the  ratio  of  the  net  loads  on  any  two  gradients 
depends  upon  an  additional  variable,  viz  ,  the  ratio  of  the  gross  weight 
of  engine  and  tender  (or  rather,  of  engine,  tender,  and  caboose)  to  the  trac- 
tive power  of  the  engine.  Whatever  the  absolute  weight  of  the  engine,  if 
its  ratio  to  the  tractive  power  be  the  same,  the  ratio  of  the  net  loads  will 
be  the  same  on  any  two  given  grades,  whether  the  engine  be  light  or 
heavy. 

For  the  gross  weight  of  train  on  any  given  grade  is  directly  as  the 
tractive  power,  and  if  the  ratio  of  the  weight  of  engine  to  the  tractive 
power  be  the  same,  the  resulting  net  loads,  as  well  as  gross  loads,  will  be 
to  each  other  directly  as  the  tractive  power. 

688.  The  ratio  of  the  tractive  power  to  the  total  weight  of  engine  is 
not  a  constant,  but  varies,  yfrj/,  with  the  pattern  of  engine,  and,  secondly ^ 
with  the  ratio  of  adhesion,  which  is  itself  a  variable  quantity;  but  assum- 
ing the  constant  ratio  of  adhesion  of  ONE  FOURTH,  which  we  have  seen 
(par.  530)  to  be  that  justified  by  ordinary  American  experience,  the  ratio 
is  readily  determined  for  any  pattern  of  engine,  and  will  be  seen  from 
the  following  Table  169  to  vary  from  i  to  loj  to  i  to  4.  according  to  the 
pattern  of  engine,  the  ratio  for  the  more  usual  patterns  of  freight  engines 
being  about  i  to  7. 

In  the  former  edition  of  this  treatise  it  was  assumed  as  i  to  10,  the  average 
ratio  of  adhesion  being  taken  at  J,  but  conditions  have  greatly  changed  since 
then  (1872-6). 
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Table  169. 
Ratio  of  Weight  of  Engine  and  Tender  to  the  Tractivk  Power,  for 

Various  Types  of  Engines, 
As  assumed  in  the  headings  of  Table  170,  substantiallj  in  acoofdanoe  with  the  data  of 

Tables  127-131. 


Kind  or  Emcimb. 

Tractive  Power. 

04  Weight  on 

Drivers.) 

Total  Weight 

of  Bogine  and 

Tender 

in  Service. 

Ratio  of  Weight 
to  Tractive  Power. 

Lig^ht  American 

tons. 

5 
6 

7 
8 

9 
10 

II 

12 

13 

torn. 
52 
58 
60 

64 

67 
70 

75 
80 

87 

•  •  •  • 

•  •  •  • 

trac  power  s=  i.ck 
10.4 
9.67 

8.57 

Average  American ..•••••••• 

Lieht  Ten-wheel 

Averasre  Ten- wheel  ■••••.••• 

Lifirht  Mofliil ••••..••• 

80 

Average  Mofliil ••••••• 

7.44 
7.0 

6.83 

Liifht  Consolidation ..••••••• 

Average         **            ..••••••• 

St'nd(i887)  •'            

6.67 
6.69 

Hcaw  Mastodon ...••• 

Tank  Consolidation 

TankSwiich-engine(all  weight 
on  drivers) 

•  •   •    • 

•  •   •   • 

mbont4.50 
4.00 

If  any  one  of  these  constant  ratios  be  subtracted  from  the  fourth  column  of  the  long 
Table  170,  it  will  give  a  column  of  ratios  of  net  loads  to  tractive  power  which,  when 
multiplied  by  the  tractive  power  of  any  engine  whatever  of  the  same  proportion  of  weight 
on  drivers  to  total  weight,  will  give  its  hauling  power. 

689a  From  the  preceding  it  will  be  clear  that  if  we  know  merely  the 
RATIO  of  the  net  load  to  the  tractive  power  we  can  determine  by  what 
per  cent  a  given  increase  or  decrease  of  grade  will  modify  the  necessary 
tractive  power,  without  determining  the  absolute  amount  of  either  the 
one  or  the  other,  and  this  method  was  followed  in  the  first  edition  of  this 
treatise.  It  obliges  us  to  assume,  however,  that  this  ratio  is  constant ;  and 
as  it  is  commonly  the  case  that  with  every  considerable  variation  in  the 
weight  of  engine  the  ratio  of  its  power  to  its  weight  will  also  vary,  it  is  prac^ 
tically  much  better  to  study  the  effect  of  gradients,  and  of  the  changes 
therein,  directly  from  a  table  showing  the  tons  of  net  load,  exclusive  of 
engine,  tender,  and  caboose,  which  various  patterns  of  engine  can  handle 
on  various  grades.  Such  a  table  is  given  in  the  following  long  Table  170^ 
in  which  the  net  load  in  tons  for  nine  different  patterns  of  engines,  varying 
from  light  American  to  the  heaviest  Mastodon  engines,  is  shown  foreveiy 
0.02  per  cent  of  grade  up  to  4.0  per  cent,  and  from  that  to  10  per  cent  at: 
wider  intervals. 
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690.  Table  170  is  computed  under  the  following  assumptions : 

Rolling-friction, .8  lbs.  per  ton. 

Adhesion  or  tractive  power, i  weight  on  drivers. 

Weight  of  tender  (about  two-thirds  loaded),  as  noted 

in  the  heading  to  the  table, 21  to  25  tons. 

It  gives  also,  in  addition  to  the  grade  per  cent,  the  corresponding 
grade  in  feet  per  mile,  the  resistance  in  pounds  per  ton  on  each  grade  due 
to  gravity  only,  and  to  gravity  and  rolling-friction  (8  lbs.)  combined,  and 
the  ratio  of  the  gross  load  to  the  tractive  power,  or 

2000 
total  resistance  in  lbs.  per  ton* 
This  ratio  x  tons  of  tractive  power  of  each  engine  (=  J  weight  on 
drivers)  =  gross  weight  of  train  in  tons  which  the  engine  can  haul.  Sub- 
tracting from  it  the  total  weight  of  each  engine,  as  given  in  the  first  line 
of  each  heading,  we  have  the  net  load  of  train  in  tons,  as  given  in  the 
nine  columns  which  constitute  the  body  of  the  table. 

691.  This  Table  170  we  shall  make  the  basis  of  our  ensuing  study  of 
the  effect  of  gradients  on  net  loads.  Experience  has  clear/y  shown  that 
only  by  the  aid  of  such  tables  or  by  diagrams  can  the  effect  of  gradients 
be  comprehended,  since  the  number  of  variables  entering  into  such  a 
table  is  so  great  that  formulae  become  very  intricate  in  form,  and  carry  no 
impression  to  the  mind.  The  weight  of  the  caboose  at  the  rear  of  the 
train,  which  is  practically  only  another  tender,  and  almost  universally  used, 
might  well  have  been  included  as  a  part  of  the  gross  weight  of  the  engine 
and  tender  in  Table  170;  but  there  are  two  styles  of  caboose  in  use, 
4-wheel  and  8-wheel,  differing  considerably  in  weight,  and  for  other  rea- 
sons it  seemed  better  not  to  include  it. 

692.  In  Table  138  a  variety  of  records  of  actual  performances  of  en- 
gines has  already  been  given,  which  justify  the  claim  made  at  the 
head  of  Table  170,  that  it  represents  the  fair  working  capacities  of  the 
various  engines  on  the  given  grades  in  good  American  practice.     The 

CAUTIONS   AT  THE  HEAD   AND   FOOT  OF  THE    TADLE  MUST    BE    FULLY 

REMEMBERED,  however,  that  the  grades  must  be  the  de-facto  or  virtual 
grades,  not  increased  in  effect  by  unreduced  curvature  or  by  stops  on  or 
near  the  grade,  nor  decreased  in  effect  by  the  assistance  of  momentum 
(see  par.  413  et  al.),  either  of  which  contingencies  may  make  the  nominal 
grades  of  the  profile  anything  but  the  true  governing  gradients.  Fig. 
169  with  its  accompanying  note  will  serve  better  than  Table  170,  perhaps, 
to  make  the  effect  of  grades  on  train-load  clear  to  the  eye. 
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Notes  to  Fio.  169. 

Regarding  the  bottom  of  the  page  as  the  base-line  of  the  diagram,  or  axis  of  x^  as  ex* 
plained  beneath  the  title  to  it : 

I.  The  lower  heavy  line  represents  the  progressive  increase  of  train-load  (behind  ten* 
der)  as  the  grade  is  reduced,  for  the  lightest  American  engine  given  in  Table  170,  which 
begins  at  o  at  a  grade  of  480  ft.  per  mile,  and  ends  at  1 198  tons  on  a  level,  just  beyond  the 
limits  of  the  diagram. 

3.  The  upper  heavy  line^  marked  A,  represents  the  same  thing  for  the  heaviest  Mas^ 
todon  engine  given  in  Table  170,  so  nearly  that  it  is  not  in  error  by  more  than  its  own 
width  at  any  point.  It  was  not  plotted  for  that  purpose,  however,  but  was  one  of  the 
lines  of  the  original  diagram,  as  below,  made  blacker  to  correspond  with  line  i. 

Similar  lines  for  all  the  other  nine  engines  whose  tractive  capacities  are  given  in  Table 
170  would  fall  between  these  two  lines  at  approximately  r^;ular  intervals.  It  has  not 
teemed  necessary  to  plot  them. 

The  remaining  lines  of  the  diagram  give  the  cylinder  and  adhesion  tractive  powers  sep- 
arately for  the  three  different  engines  below  detailed,  as  computed  by  Mr.  G.  W.  GUSH- 
ING, Supt.  M.  P.  No.  Pac.  Ry.,  on  the  following  assumptions : 

Rolling-friction^  6^  lbs.  per  ton  in  place  of  8  lbs.  per  ton,  as  in  this  volume. 

Ratio  0/ adhesion,  >4,  as  in  this  volume. 

The  difference  in  the  rolling-friction  makes  the  train-loads  somewhat  greater  than 
those  given  in  Table  170,  especially  as  a  level  is  approached,  but  makes  no  great  differ- 
ence on  the  higher  grades.     The  three  engines  are  as  follows : 


Cylin- 
ders. 

Drivers. 

Trac.  Pr. 

in  Lbs., 

Per  Lb.  of 

Effective 

Pressure. 

No. 
Drivers. 

Weights. 

Bngimb. 

On 
Drivers. 

Total 
Engine. 

Tender, 
Loaded. 

Total. 

A 

B 
C 

n"  X  26" 

20"X94" 

49" 
49" 

356.8 
356.8 
196 

8 

10 

8 

100,000 
110,000 

96,000 

iia,coo 
iia,ooo 
108,000 

65,000 
65,000 
65,000 

177,000 
177,000 
i73.«» 

The  lines  marked  A,  B,  C  indicate  the  loads  corresponding  to  the  adhesion  tractive 
power  of  these  three  engines,  computed  on  the  basis  of  one  fourth  the  weight  on  drivers. 

The  remaining  lines  indicate  the  cylinder  tractive  powers  for  the  same  engines  at 
various  points  of  cut-offs,  as  follows  : 

Engine  C,  20"  x  24'',  Consolidation,  48  tons  on  drivers.  At  half-stroke  the  cylinder 
power  is  somewhat  less  than  the  adhesion,  and  at  70  per  cent  very  slightly  over.  Only  at 
very  slow  speed  can  such  an  engine  furnish  steam  for  running  at  70  per  cent  cut-off. 

Engine  A,  22"  x  26",  Consolidation,  50  tons  on  drivers,  or  5  tons  less  than  B,  but  iden- 
tical in  cylinder  capacity,  showing  that  the  latter  is  in  excess. 

Engine  B,  22"  x  26",  Mastodon,  55  tons  on  drivers.  The  two  lines  for  cylinder  tractive 
power  apply  alike  to  engines  A  and  B.  In  both  of  these  engines  the  cylinder  power  is 
much  greater  in  proportion  than  in  engine  C,  and  cannot  be  fully  utilized  at  one  fourth 
adhesion.     As  the  working  adhesion  on  a  good  rail  often  rises  much  higher  than  one  fourth 
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THE  PERCENTAGE  OF  CHANGE  IN  THE  NET  LOAD  RESULTING  FROM  A 

CHANGE  IN  THE  RATE  OF  ANY  GRADE. 

693.  Assuming  Table  170  as  a  basis,  we  can  readily  determine 
from  it,  in  the  manner  below  outlined,  the  two  following  laws, 
which  are  the  foundation  for  a  correct  estimate  of  the  value  of 
reducing  grade: 

First.  When  the  rate  of  any  one  given  ruling  grade  is  increased  09 
decreased^  the  corresponding  percentage  of  increase  or  decrease  in  tht 
engine-mileage  required  to  handle  any  given  tonnage  varies  almost  di'^ 
rectly  as  the  change  in  rate  of  grade ^  however  much  or  little  tlu  change 
may  be^  slightly  increasing^  however^  cts  the  increase  is  greater  and  eU* 
creasing  as  the  decrease  is  greater. 

For  example,  if  a  0.6  per  cent  grade  be  increased  to  0.8  the  increase  in  en- 
f(ine-tonnage  required  is,  for  Consolidation  engines,  ^fff-  =  21.73  per  cent  in- 
crease, or  10.9  per  cent  per  o.i  per  cent  of  grade  ;  but  if  it  be  increased  to  1.5 
percent,  the  increase  is  Y/^  =  IC3.37  per  cent  increase,  or  11.48  per  cent  per 
0.1  per  cent  of  grade  ;  being  about  5^  per  cent  more  per  o.i  per  cent  of  grade 
than  for  the  smaller  increase. 

If  the  entire  weight  of  the  engine  be  considered  a  part 
the  train,  this  law  is  exact,  regardless  of  the  actual  weight  of  the 
engine,  and  the  engine-tonnage  varies  precisely  with  the  change 
in  rate  of  grade,  as  may  be  seen  in  Table  1  72. 

Second.   The  amount  of  this  percentage  of  increase  or  iecremse  in 

however,  this  surplus  c>'linder  power  is  likely  to  be  \'er>'  useful  in  handling  heavy  tiains 
easily,  and  indicates  that  engine  B  at  least  is  better  designed  than  engine  C  for  the  most 
efficient  freight  service. 

Where  and  why  tank  engines  are  advantageous  may  be  very  clearly  seen  from  this 
diagram  as  follows : 

Referring  to  the  head-lines  to  Table  170,  it  will  be  seen  that  the  total  weight  of  the 
lightest  American  engine  and  the  weight  on  drivers  of  the  heaviest  Mastodon  are  the 
same,  53  tons.  A  tank  engine  of  the  same  total  weight,  all  of  it  on  drivers,  while  it  wfll 
be  a  much  lighter  and  cheaper  machine  than  the  Mastodon,  and  be  equal  to  much  k>wv 
speeds  only,  will  have  a  greater  net  tractive  power  on  all  grades  by  the  constant  amount 
of  J5  tons  (saved  in  dispensing  with  a  tender  and  leading  truck).  Therefore,  plnH^^g  qq 
Fig.  169  a  line  for  35  tons  greater  loads  than  for  the  upper  heavy  black  line,  we  find  that 
on  the  higher  grades  it  makes  an  enormous  difference  in  the  percentage  of  net  load 
hauled,  but  as  the  lower  grades,  below  3  per  cent  (106  ft.  per  mil^,  are  reached  the  tV9 
lines  become  almost  coincident. 


CHAP.  XIV.'-EFFECT  OF  GRADES  ON   TRAIN^LOAD.      555 

the  engine-tonnage  required  varies  considerably  with  each  grade^  being 
marly  five  times  as  much  on  a  level  as  on  a  3  per  cent  grade ;  and  is 
about  as  given  in  the  following  Table  171,  where  these  percentages 
are  given  for  all  grades,  determined  in  a  manner  we  will  shortly 
review. 

964i  These  two  facts  being  definitely  ascertained,  we  have,  in 
order  to  determine  the  effect  of  any  change  of  grade  upon  the 
engine-mileage  required  to  handle  a  fixed  tonnage,  simply  to 
multiply  the  percentage  given  in  Table  171  (which  see)  by  the 
Tiumb^v  oi  tenths  per  cent  change  0/  grade  to  obtain  the  total  in- 
crease in  engine-mileage  which  will  be  required  for  any  given 
change  of  grade  ;  or,  the  same  fact  may  be  still  better  deter- 
mined directly  from  the  actual  load  on  each  grade,  given  in 
Table  170.  This  percentage,  multiplied  by  the  proportion  of  the 
expenses  which  varies  with  the  number  of  trains  or  engine-ton- 
nage (the  car-mileage  and  traffic  remaining  constant),  i.e.,  by  the 
portion  of  the  expenses  which  would  be  doubled  if  the  engine- 
tonnage  were  doubled,  will  give  the  annual  cost  of  a  proposed 
increase  of  grade,  or  the  annual  saving  of  a  proposed  decrease. 

695.  Table  171  (seep.  556)  is  determined  from  Table  170  in  the  fol- 
lowing simple  manner: 

Taking  only  three  tyi^s  of  engines,  the  lightest  '*  American,"  heaviest 
Consolidation,  and  any  engine  <»f  the  same  weight  on  drivers  as  the  latter, 
but  counted  as  part  of  the  traiii,  and  comparing  the  net  loads  given 
for  grades  of  Level,  0.5,  i.o,  1.5,  and  2.0  per  cent,  we  have  the  following 

net  loads  hauled  :  G^d^,  ^^ 

/ • 

Level. 
Light  American,  .  .  .  .  1198 
St'nd  Consolidation,  .  .  2920 
Heavy  eng.  incl'd  in  train,     3000 

Then  it  is  evident  that,  whatever  the  total  tonnage  to  be  moved,  the 
percentage  of  increase  in  the  engine-mileage  required  to  move  it  will  be, 
with  a  1.5  per  cent  instead  of  i.o  per  cent  ruling  grade, 

American.  Consolidation.  Engine  incl'd  with  train. 

lim-^s  that  required  on  a  i  per  cent  grade,  or 

44. 55  per  cent,     40.8  per  cent,        35.7  per  cent. 


0.5. 

1.0. 

I.S. 

2.0. 

504 

305 

311 

156 

1253 

777 

552 

420 

1333 

857 

632 

500 

w    \'tnr.  .\:r    aaaaw  of  uA'joics  ox  train^load. 
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total  increase  of  engine-mileage,  equivalent  to  an  average  increase/^ 
0,1  of  increase  0/ grade  of 

8.91  percent,  8.16  per  cent,  7.14  per  cent. 

For  an  increase  from  a  i.o  per  cent  to  a  2.0  per  cent,  we  have 

American.  Consolidation. 

777 


305 
7^=1.955. 


420 


=  1.850, 


Bng.  incPd  with  train. 


71.4  per  cent, 


a  total  increase  per  cent  o\ 

95. 5  per  cent,  85.0  per  cent, 

or  an  increase  per  o.i  per  cent  of  increase  of  grade  of 

9.55  per  cent,  8.50  per  cent.  7.14  per  cent. 

696.  Proceeding  similarly  for  other  changes  of  grade,  viz.,  o.l,  0.3, 
0.5,  and  1.0  per  cent  of  increase  from  a  i  per  cent  grade  (making  the 
maximum  change  considered,  from  a  i.o  per  cent  to  a  2.0  per  cent),  and 
computing  also  the  comparative  engine-tonnage  required  for  correspond- 
ing decrease  in  a  i  per  cent  grade,  this  extreme  reduction  being  to  Level, 
we  obtain  the  following  Table  172,  in  which  the  computations  in  the  last 

Table  172. 

Showing  the  Effect  of  Various   Changes   in  a  One  Per  Cent  Gradv 
ON  the  Engine  Tonnage  required  for  Three  Patterns  of  Engines. 


For  a  Decrease  in 

A  I  00  Per  Cent 

Grade  of — 

Making 

the 
Grade 

The  Per  Cent  of  Change  in 
Engine  Tonnagb  nbkdbd  is— 

And  thb  samb  Per  o.x  Pbk 
Cent  of  Change  in  Gradb  is— 

Light 
Ameri- 
can 

Heavy 
Cons' n. 

Eng.  inc. 

with 

Train. 

Light 
Ameri- 
can. 

Heavy 

C<»ns*n. 

Eng.  inc. 

with 

Train. 

I  0  ocr  cent 

Level. 

0.3 
0.5 
0.7 
0.9 

1.00 
I.I 

«-3 

1-5 

1.7 
9.0 

74-5 
53.9 
39-5 
a4  3 
8.4 

8.5 
96.0 

44-6 
64.0 

95-5 

73-4 

5a. 4 
38.0 

93.1 

8.8 

7-9 
94.1 
40.8 

58.a 
85.0 

7«.4 
50.0 

35.7 
91.4 

7.14 
7«4 

9X.4 

35.7 
50.0 

7«-4 

7.45 
7.70 
7.90 
8.11 
8.41 

8.S3 
8.68 
8.91 
9.14 

9SS 

7-34 

7-49 
7.60 

7.7X 
7.83 

7.99 
8.04 
8.16 

8.3X 
8.50 

7.14 
7.X4 
7.14 
7x4 
7M 

7.«4 
7x4 
7x4 
7«X4 
7x4 

^    m        "        ** 

o.c      »*      '•      

"•J                         ......... 

0  -J    "    **    

"•J 

o.l      ♦•     "      

\nd  for  an  Increase 

of 

0  1  Dcr  cent 

o.\     "     *•     

**•  i                 •  • 

0-5    "    "     

07    ••    ••     

•'•7                      ••• 

SO     •*     •*      

Computed  from  Table  170  in  the  manner  explained  in  par.  695.     The  results  of  simk 
lar  computations  for  all  rates  of  gjade  are  condensed  in  Table  171. 
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column  but  one  correspond  substantially  with  one  line  (that  for  a  i.o 
grade)  of  Table  171.  All  the  other  lines  of  Table  171  were  computed  in 
the  same  way  from  Table  170,  the  figures  only  differing. 

697.  It  will  be  seen  in  Table  172  that  if  we  deal  only  with  gross 
train  loads  we  get  exactly  the  same  per  cent  of  change  in  motive- 
power  per  unit  of  change  of  grade,  whether  it  be  great  or  small.  In  pro- 
tion  as  the  dead  weight  of  the  engine  becomes  a  larger  proportion  of  the 
weight  on  drivers,  the  absolute  per  cent  of  change  in  motive-power  in- 
creases, and  likewise  the  irregularity  of  the  percentage. 

696.  By  interpolation  in  Table  171,  the  percentage  for  almost  any 
kind  of  a  change  of  grade  can  be  leadily  determined.  These  percentages 
do  not  vary  to  any  important  extent  with  the  pattern  of  engine,  within 
the  range  likely  to  be  used  for  freight  service,  nor  even  for  considerable 
differences  in  the  assumed  ratio  of  adhesion.  Moreover,  as  it  is  now  well 
established  that  \  is  the  proper  ratio  to  assume,  for  American  practice 
at  least,  no  other  should  be  assumed. 

699.  Ordinarily  the  changes  of  grade  which  the  engineer  is  called 
upon  to  consider  are  not  very  great.  The  typical  percentage  for  any  or- 
dinary change  in  any  grade,  for  use  in  estimating  the  value  of  a  reduc- 
tion or  the  cost  of  an  increase,  may  therefore  be  taken  to  be  that  due  to 
a  change  of  o.i  per  cent  in  it.  as  shown  in  Table  178.  which  is  practically 
the  same  for  either  an  increase  or  a  decrease  of  grade.  For  extreme  dif- 
ferences of  conditions,  of  any  kind,  the  actual  j)ercentage  of  change  in 
engine-tonnage  should  be  directly  computed  from  the  relative  train-loads 
given  in  Table  170. 

We  are  now  prepared  to  consider  the  cost  of  changing  the  hauling 
power  of  engines  by  changes  of  grades. 

700.  Table  173  will  illustrate  how  enormously  the  virtual  gradient  as  well 
as  the  work  of  the  engine  may  be  increased  by  frequent  stops  and  quick  starts. 
On  the  New  York  Elevated  Railway  the  stops  are  so  close  together  that  it  is  ab- 
solutely essential  that  speed  should  be  gotten  up  very  quickly  indeed  if  reason- 
ably fast  time  is  to  be  made.  Accordingly  we  find  that  the  work  done  in  get- 
ting up  speed  is  equivalent  to  an  addition  to  the  actual  grade  of  2.63  per  cent, 
or  139  feet  per  mile — an  addition  so  g^at  that  whether  the  actual  grade  be  I 
per  cent  up  or  i  per  cent  down  makes  comparatively  little  difference  in  the 
working  of  the  engine.  Table  173  gives  an  extreme  example  of  conditions 
which  obtain  very  largely  in  passenger  service,  and  which  make  frequent  stops 
a  very  serious  disadvantage.  Due  allowance  for  this  effect  should  never  b« 
forgotten  in  attempting  to  determine  what  the  actual  grades  are. 
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Table  173. 

Handling  of  Trains  on  Manhattan  (Elevated)  Railway  (Third  Avbnvb 

Line). 

[From  a  paper  by  Mr.  Frank  J.  Sprague  before  the  Botton  Society  of  Arta,  1886.] 


Length  of  line 8.48  miles. 

Toul  lift,  up  track 144.4a  ft. 

Lineal  disunce  lor  same X3tite       ix* 

Total  lift,  down  track 137.60  ft. 

Lineal  distance  of  same. 16,510       ft. 

Level  00  each  track xStioo       ft. 

Number  of  sutions 97 

Number  of  stoppages so 

Average  Times  : 

Single  trip 4a  min. 

Per  station , 97  sec. 

Under  way 80    *' 

Stop 17    " 

Time  due  to  a  run  without  stop  at 
max.  speed  of  19. a  m.  per  hour..  a6.56  min. 

Total  time  standing  still  at  sta> 
tionst  at  17  sec.  each 7.37    ** 

Time  lost  in  slowing  up  and  get- 
ting under  way 8.07    ** 


Total 4a.oomio. 


Average  disunce  between  stations.    1,7*9  ft. 
Divided  nearly  as  follows: 

Getting  up  to  10  miles  per  hour. ...  130  fL 
Thence  to  full  speed  (19.9  miles  per 

hour) 495't. 

Full  speed iSft. 

Slowing  to  stop 989  ft. 

Average  Speed— miles  per  hour : 

Getting  under  way 13.4 

Fullsf^ed 19.9 

Slowing  to  stop 9.6 

Mean  Mtween  stations. 19. t 

Daily  Work  of  One  Engine  : 

Round  trips  made 9 

Coal  used 5,760  lbs. 

Hours  on  duty so 

Hours  using  steam  6 

Av.  consumption  of  coal  per  trip. . . .    640  lbs. 
Total  horse-power  per  round  trip . . .        6, 184 

Horse-power  per  pound  of  coal  -^  ss      9.66 

640 
60 

Pounds  of  coal  per  H.  P.  p.  h . .  —22  »     6.91 

9.60 


For  a  speed  in  miles  per  hour  of. 
The  velocity-bead  (Table  118)  is 


10. o 
3'5S  ft. 

13s  ft. 


19.9 
13.10  ft. 


Divided  by  distance  to  acquire  that  speed 135  ft*  49S 't. 

Gives  as  tne  virtual  gradient  due  to  that  acceleration,  in  excess 

of  the  actual  grade        9.63  p.  c  9.64  p.  c. 

If  the  actual  grade  be  i  per  cent  up,  the  same  speeds  will  be 

acquired  in  a  distance  of 918  fL  800  ft. 

Or  if  I  per  cent  down,  in 98  fL  360  fL 

Even  so  extreme  a  diflference  in  grade  makes  comparatively  little  difference,  therefore,  in 
practical  operation. 

Getting  up  speed  to  19.2  miles  an  hour  26  times  is  equivalent  to  lifting  the  train  yfs» 
tically  13.10  X  a6  =  340.6  ft.  in  a  run  of  8.5  miles,  or  40  ft.  per  mile,  whereas  the  total 
tractive  resistance'  in  motion  at  that  speed,  at  zo  lbs.  per  ton,  is  eqtihralent  to  some  96  ft. 
per  mile  only. 
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CHAPTER  XV. 

THE  EFFECT   OF   TRAIN-LOAD   ON   OPERATING   EXPENSES. 

701i  The  increase  in  train  resistance  which  results  from  an  increase 
of  ruling  grade  can  be,  and  is,  overcome  in  either  of  two  ways:  (i)  By  an 
increase  in  the  weight  and  power  of  engines  ;  (2)  by  decreasing  the  weight 
and  increasing  the  number  of  trains. 

The  first  of  these — increasing  the  weight  of  engines — is  by  much  the 
cheaper,  but  is  only  possible  to  a  limited  extent  and  under  special  cir- 
cumstances. Ordinarily,  it  is  not  fair  to  assume  that  heavier  engines 
are  used  on  one  alternate  grade  than  on  another,  because,  whatever 
advantage  may  be  gained  by  using  heavier  engines  on  one  grade  may  be 
equally  well  gained  on  the  other  grade.  It  is  far  more  frequently  possi- 
ble to  fairly  assume  the  use  of  heavier  engines  on  heavier  grades  with 
passenger  than  with  freight  service,  but  passing  (until  par.  732)  the  ques- 
tion of  when  it  is  or  is  not  possible  to  adopt  the  cheaper  expedient,  we 
will  estimate  the  cost  of  each  separately. 

THE  COST  OF  INCREASING  THE  WEIGHT  OF  ENGINES. 

702.  The  following  items  will  not  be  increased  at  all  by  an  increase  of 
weight  of  engines  to  suit  the  requirements  of  a  higher  grade,  the  weight 
of  train  remaining  the  same:  The  cost  of  (i)  repairs  of  cars;  (2)  train- 
wages  ;  (3)  general  expenses  ;  (4)  maintenance  of  way  and  works,  exclusive 
of  rail  and  tie  renewals  and  lining  and  surfacing;  (5)  that  portion  of  the 
maintenance-of-way  expenses  last  excepted  which  is  caused  by  the  cars 
and  not  by  the  engines. 

The  most  reasonable  estimate  which  can  now  be  made  of  the  relative 
erfect  of  engine  and  cars  upon  the  track  is  (pars.  115,  116)  that  consider- 
ably over  half  of  the  deterioration  of  track  comes  from  the  passage  of  en- 
gines over  it,  and  the  remainder  only  from  the  passage  of  cars,  which  may 
weigh  ten  or  twenty  times  as  much.    Assuming  one  half  only,  we  are  led 
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to  the  conclusion  (see  Table  175)  that  more  than  three  quarters  of  the 
total  expenditure  is  unaffected  by  an  increase  of  the  weight  of  engines  in 
any  visible  and  direct  way. 

703.  The  effect  on  COST  OF  MAINTENANCE  OF  TRACK  of  increasing 
the  weight  of  engines  has  been  greatly  modified  and  much  reduced  since 
the  publication  of  the  first  edition  of  this  volume  (prepared,  as  it  neces- 
sarily was,  from  records  which  were  some  years  old  in  1876)  by  the  now 
universal  use  of  steel  rails  in  place  of  iron.  The  causes  and  extent  of  the 
changes  thus  brought  about  have  been  already  summarized  in  par.  109 
ei  seq.  The  most  important  of  all,  as  respects  the  use  of  heavy  engines, 
is  that  the  nature  of  the  wear  of  rails  has  changed.  With  iron  rails,  the 
wear  took  the  form  of  a  crushing  or  lamination,  which  destroyed  their 
surface  long  before  the  direct  abrasion  had  become  a  serious  matter.  This 
crushing  was  very  greatly  hastened  by  heavy  loads  per  wheel,  and  in- 
creased in  much  faster  ratio — to  the  extent  that  iron  rails  which  would 
sustain  the  passage  of  light  engines  for  many  years  would  be  crushed  out 
by  heavy  engines  in  a  few  months.  On  the  other  hand,  with  steel  rails 
(excluding  those  of  inferior  quality,  of  which  far  too  many  have  been  and 
are  laid)  the  wear  is  merely  direct  abrasion,  which  is  not  materially  in- 
creased per  ton  of  train  either  by  load  per  wheel  or  speed.  As  respects 
the  last  at  least,  there  is  very  good  reason  to  believe  that  it  increases  in 
much  less  than  direct  ratio. 

704.  For,  as  respects  speed,  when  the  question  is  one  merely  of  abrasion 
and  not  of  destruction  impact,  the  less  the  time  to  which  the  rail  is  exposed  to 
load  the  less,  undoubtedly,  the  normal  crushing  effect,  for  the  same  reason 
that  journal  and  other  (i.e.,  brake)  friction  is  less  at  high  speeds  or  that  it  takes 
more  force  to  rupture  a  specimen  in  a  test-  T 
ing-machine  quickly  than  slowly.     Impacts 

proper  play  their  part,  no  doubt,  in  the  wear  "  '       *         g" 

of  steel  rails  as  of  iron  rails,  but  so  long  as  the  Fig.  X7a 

surface  remains  tolerably  jfood  (as  it  does  almost  indefinitely  with  the  best  steel 
rails)  it  is  a  small  part.  When  the  surface  becomes  seriously  impaired  steel 
rails  go  almost  as  quickly  as  iron;  but  either  with  steel  or  iron  the  effect  of  the 

impacts  is  not,  as  is  often i.**.-- _-.*- 

assumed,  as  Mv^.     This  is  -"^^^^^^  Si^^^'t^^^^^  ^ 

true  of  a  body   Impinging  "^^^^^^^^^^^7  f^ 

directly  upon  another;  but  ^^^ 

one     caused     to     impinge  ^*°-  »7»' 

upon  another  in  jumping  from  A  to  B  under  conditions  outlined  clearly  enough 
in  Fig.  170  impinges  at  a  different  angle,  which  has  the  effect  of  reducing  the  im- 
pact communicated  to  B  to  the  approximate  ratio  Mv  ;  and  when  we  assume  a 
36 
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case,  as  in  Fig.  171,  still  more  closely  approaching  average  practical  conditions, 

the  communicated  impact  becomes  more  nearly  in  the  ratio  Af  ^v. 

That  this  is  so  follows  clearly  from  experience  on  tracks  where  the  varia- 
tions of  speed  are  considerable,  as  notably  on  the  four  tracks  of  the  New  York 
Central  &  Hudson  River  Railroad,  two  of  which  are  used  for  passenger  ser- 
vice only,  and  two  for  freight  only.  The  observed  rate  of  wear  per  ton  is  nearly 
constant  on  these  tracks,  in  spite  of  the  fact  that  the  proportion  of  engine-ton- 
nage is  several  times  greater  on  the  passenger  tracks. 

As  respects  efifect  of  increase  of  load,  abrasion,  other  things  being  equal, 

should  be  in  some  approximately  exact  ratio  to  the 

maximum  fibre-strain.     If  we  assume  an  elastic  cyl- 

inder  or  sphere  to  be  rolling  on  a  plane,  a  distor- 

.?., «    >^  tion  of  form  will  result  from  compression,  rudely 

"(f     ^  outlined  in  Fig.  172.     The  volume  of   this  solid, 

= shown  in  plan  in    Fig.   173,  will  be  in  direct  ratio 

to  the  total  load,  but  the  maximum  fibre-strain  will 


^^_  C ^^9  be  in  proportion  to    the  maximum   ordinate  CC, 

Fic.  173.  which  varies  more  nearly  as   |/Z  or  even   4/Z,  ac- 

cording to  the  assumptions  as  to  the  surfaces  in  contact. 

The  subject  is  too  obscure,  and  too  unimportant  for  our  immediate  purpose, 
to  consider  further. 

705.  The  observations  of  the  Pennsylvania  Railroad  on  the  wear  of 
rails  on  grades  (par.  457)  also  tend  to  show  that  not  more  than  half,  or  at 
most  two  thirds,  of  the  total  cost  of  rail  wear  can  be  considered  to  vary 
directly  wit.h  the  engine-tonnage,  the  car-tonnage  remaining  constant; 
whereas  in  the  first  edition  of  this  treatise,  based  in  the  main  on  iron- 
rail  statistics,  the  whole  cost  of  rails  was  assumed  (and  the  writer  be- 
lieves with  substantial  correctness)  to  vary  as  the  square  of  the  weight 
on  drivers,  or  at  the  rate,  for  small  increments,  of  200  per  cent.*  This 
change  is  one  small  evidence  of  the  immense  advantages  which  have  re- 
sulted from  the  introduction  of  steel  rails. 

706.  Of  the  remaining  items  of  the  cost  of  track,  lining  and  sur- 
facing, in  spite  of  apparent  reasons  to  the  contrary  (discussed  in  par. 
125),  is  affected  by  increased  weight  of  engines  in  a  considerably  greater 
ratio  than  the  rail  wear,  and  tie  renewals  to  a  very  considerable  extent, 
although  not  quite  so  largely.  We  may  not  improperly  take  half  the  total 
cost  of  rails,  ballast,  ties,  adjusting  track,  and  switches,  frogs,  and  sidings, 
as  varying  directly  with  the  average  weight  on  drivers,  car-tonnage  being 


*  For  the  reason  (to  those  familiar  with  the  elements  of  the  calculus)  that 
J(ji^)  =  2xdx.     See  p.  90,  old  edition. 
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constant.  With  inferior  steel  rails  it  may  be  much  more,  but  with  such 
rails  as  may  be  had  at  the  same  cost  by  adequate  care  in  inspection  this 
estimate  is  a  sufficient  one. 

707.  The  remaining  items  of  maintenance  of  way,  for  bridges  and 
BUILDINGS,  are  very  slightly  affected,  certainly  by  not  more,  in  ordinary 
cases,  than  ^  ct.  per  train-niile,  the  whole  being  an  allowance  for  interest 
and  maintenance  charges  on  heavier  bridges. 

708.  Repairs  of  engines  are  affected  much  less  than  would  be  sup- 
posed by  the  weight  of  engines.  Renewals  constitute,  as  per  Table  55  and 
others,  from  40  to  50  per  cent  (under  normal  conditions,  which  can  hardly 
be  said  as  yet  to  exist  on  account  of  the  rapid  growth  of  traffic)  of  what  ap- 
pears charged  to  "repairs."  Table  174  affords  the  means  for  estimating 
that  considerably  less  than  50  per  cent  of  lYi^  first  cost  of  engines  varies 
directly  with  weight,  the  remainder  being,  within  moderate  limits  of 
variation,  a  constant. 

Of  the  remain! II jj  cost,  repairs  proper,  it  is  indicated  in  Table  ^^etseg, 
and  a  number  of  others,  that  between  50  and  60  per  cent  is  for  labor  only  : 
an  item  which  will  be  somewhat,  but  very  slightly,  affected  by  the  weight 
of  engines.  The  remaining  expenditures,  for  raw  materials  and  for 
wheels,  axles,  and  tires,  will  vary  nearly,  but  not  quite,  directly  as  the 
weight. 

It  would  appear  from  these  facts  that  50  per  cent  of  the  cost  of  repairs 
may,  with  sufficient  exactness,  be  assumed  to  vary  directly  with  weight 
of  engines,  the  remainder  being  constant,  as  has  been  already  stated  in 
par.  134. 

709.  The  cost  of  fuel  for  heavier  engines  hauling  the  same  train 
behind  them  will  not  be  largely  increased.  In  not  a  few  cases  there 
would  be  an  actual  decrease.  It  is  to  be  remembered  that,  even  if  heavier 
engines  are  used  to  overcome  a  somewhat  higher  grade,  it  is  only  for  a 
short  distance  that  the  extra  power  is  required.  On  all  up  grades  below 
the  maximum,  and  in  descending  all  grades,  the  power  required  and  ex- 
erted will  be  no  greater  than  with  the  smaller  engine,  except  the  slight 
addition  due  to  the  weight  of  the  engine  itself,  and  this  power  will  be 
somewhat  more  economically  exerted  (par.  579),  owing  to  the  heavier  en- 
gine being  less  pushed.  The  constant  wastage  from  radiation,  stopping 
and  starting,  etc.,  estimated  in  par.  344  et  seq.,  at  50  per  cent  of  the  fuel 
consumption,  will  remain  for  the  most  part  constant. 

For  all  these  reasons  together,  on  something  like  two  thirds  of  the 
length  of  ordinary  railways  the  fuel  burned  per  mile  would  be  but  slightly 
if  at  all  affected  by  moderate  (not  over  20  per  cent)  differences  in  weight 
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Table  174. 

Comparative  Cost   Per  Ton  of  Various  Sizes  of  Engines,  Broad  and 

Narrow  Gauge. 

[Compiled  from  information  furnished  by  the  Baldvdn  Locomotive  Works.] 
American   Type — Standard  Gauge, 


Weight  (net  tons). 

Cost,  x886. 

Cylindbrs. 

Total. 

On  Drivers 

Engine. 

Tender. 

Per  Ton  on 
Drivers. 

12    X    22 

13  X  24 

14  X  24 

15  X  24 

16  X  24 

17  X  24 

18  X  24 

24. 

27. 

295 

32.5 
36. 

38. 

41. 

15. 
18. 

19.5 
22. 

24.5 
25.5 
27.5 

$5,750 
6,000 
6.250 
6,500 
6.750 
7,000 
7.250 

•950 
1,000 
1,050 
1,100 

1,150 
1,200 
1,250 

•383 
333 
321 

295 
276 

275 
264 

Mogul  Type — Standard  Gauge. 


16  X  24 

37. 

32.5 

$7,250 

$1,150 

$223 

17  X  24 

39. 

34.5 

7,500 

1.200 

217 

18  X  24 

42. 

37. 

7.750 

1.300 

209 

19  X  24 

45. 

40. 

8.000 

1.350 

200 

Consolidation    Type — Standard  Gauge. 


20  X  24 

21  X  24 


53 
59 


46. 
52. 


$9,250 
9,750 


$1,400 
1,400 


$201 
188 


Narrow-Gauge  Engines. 
American   Type. 


10  X  16 

16.5 

II. 

$4,750 

$750 

$432 

II  X  16 

18. 

12. 

5.000 

775 

417 

12    X    16 

19.5 

13. 

5.250 

800 

404 

13  X  16 

22.5 

15-5 

5,500 

850 

355 

14  X  16 

24. 

16.5 

5,750 

900 

357 

Mogul  Type. 


II  X  16 

17.5 

14.5 

$5,250 

$800 

$362 

12    X    16 

20. 

16.5 

5.500 

850 

334 

13  X  16 

23. 

19.5 

5,750 

900 

295 

14  X  16 

25. 

21.5 

6.000 

950 

278 

15  X  16 

28. 

24- 5 

6,250 

1,000 

255 
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Table  174i — Continued. 

Consolidation  Type, 


Weight  (net  tons). 

Cost,  1886. 

Cylinders. 

Toul. 

On  Drivers. 

Engine. 

Tender. 

Per  Ton  on 
Drivert. 

15  X  18 

16  X    18 

28. 
34- 

24. 
29. 

$6,750 
7.250 

$950 
1,000 

$282 
250 

Comparison  of  the  above  table  shows  that  the  cost  of  engines  increases  at  about  the 
rate  of  $250  per  inch  of  cylinder  diameter,  about  $750  per  extra  driving-axle,  and  $250 
per  extra  truck-axle;  which  are  builders'  approximate  r»/^j,  starting  from  the  17x24 
American  engine  as  the  standard  or  unit  type. 

Comparing  the  lightest  and  heaviest  engines  of  each  type^  we  find  that  the  cost  per  too 
on  drivers  of  extra  weight  is  but  little  over  $100  per  ton,  viz. : 

Standard    Narrow 
Gauge.      Gauge. 

American, $120         $182 

Mogul, 100  100 

Consolidation, 125  100 

These  figures  indicate  that,  on  an  average,  the  first  cost  of  additional  power  in  engines 
is  considerably  less  than  half  the  average  cost. 

Messrs.  Burnham,  Parry,  Williams  &  Co.,  proprietors  of  thp  works,  state  in  an  ac- 
comi>anying  letter  : 

"  Respecting  the  relative  cost  of  narrow-  and  standard-gauge  locomotives  of  the  same 
weight  and  pattern,  we  have  long  believed  that  in  many  cases  where  narrow-gauge  rail- 
roads have  been  contemplated  it  would  be  more  economical  and  desirable  to  lay  light 
rails  56^  inches  ap>art,  and  use  rolling-stock  of  the  weight  usual  on  narrow-gauge  roads. 
We  have,  therefore,  g^ven  much  attention  to  the  subject  of  your  question.  Our  ex- 
p)erience  indicates  that  for  engines  of  similar  weight,  dimensions,  and  pattern,  difTering 
only  in  gauge,  there  is  no  appreciable  difference  in  cost.  What  extra  expense  is  in- 
volved by  the  greater  cross-measurements,  is  quite  compensated  for  by  the  reduced  length, 
as  the  greater  distance  between  the  frames  permits  of  widening  and  shortening  the  fire- 
box, with  corresponding  reduction  in  length  of  frames  and  wheel-base.  The  shorter 
wheel-base  enables  the  engine  to  curve  more  readily,  removing  in  a  measure  one  of  the 
objections  urged  against  the  standard  gauge.  For  these  reasons  we  have  been  led  to  de- 
sign a  series  cf  standard-g^uge  locomotives,  precisely  similar  in  all  except  gauge  and  the 
details  of  construction  dependent  thereon,  to  equivalent  narrow-gauge  engines,  and  which 
are  offered  at  the  same  price." 

of  engines,  and  on  the  remaining  distance  not  more  than  50  per  cent  of 
the  fuel  burned  would  vary  directly  with  the  weight  and  power  exerted. 
As  an  average  of  entire  runs,  it  is  entirely  adequate  to  assume  that  25  per 
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cent  of  the  total  fuel  consumption  varies  directly  with  the  weight  of  engines 
hauling  the  same  train  over  for  the  most  part  the  same  grades,  and  that 
the  remaining  75  per  cent  is  unaffected.  On  this  basis,  an  engine  20  per 
cent  heavier  would  average  for  entire  runs  not- over  5  per  cent  more  fuel 
to  haul  the  same  trains.  The  cost  of  supplying  oil  and  water  would  vary 
in  about  the  same  proportion. 

710.  These  various  items  are  summed  up  in  the  following 
Table  175.  As  already  stated,  however,  it  is  only  under  very 
exceptional  circumstances  and  on  a  limited  scale  that  it  is  proper 
to  assume  that  differences  of  grade  can  or  will  be  overcome  in 
practice  by  the  cheap  and  apparently  simple  expedient  of  in- 
creasing the  weight  of  engines  for  freight  service,  and  on  roads 
enjoying  a  moderately  large  passenger  traffic  the  same  is  very 
nearly  true  of  passenger  trains.  The  engines  will  in  any  case  be 
made  as  powerful  as  is  deemed  feasible  or  expedient,  for  conveni- 
ence in  stopping  and  starting,  and  for  occasional  exigencies  if  for 
nothingelse;  and  anything  which  reduces  their  hauling  capacity  at 
the  requisite  speed  between  stations  will  be  apt  to  result  directly 
or  indirectly  in  running  shorter  trains  and  more  of  them.  This  is 
far  from  an  unmixed  disadvantage  under  many  circumstances 
(par.  89),  but  nevertheless  it  is  a  real  disadvantage. 

711.  Table  175  itself  makes  clear  why  it  is  entirely  improper 
to  assume  the  use  of  heavier  engines  to  meet  the  demands  of 
heavier  grades,  by  indicating  that  there  is  always  a  great  econ- 
omy in  using  the  heaviest  engines  which  the  traffic  will  warrant. 
To  double  the  weight  of  engine  to  haul  the  same  train  will  only 
add  some  14  per  cent  to  expenses,  according  to  Table  175.  If  by 
doubling  the  weiglit  of  engine  we  can  also  halve  the  number  of 
trains,  we  immediately  effect  an  immense  economy  in  train-wages, 
engine  repairs,  fuel,  and  maintenance  of  way,  exceeding  more 
than  threefold  (Table  176)  the  increased  expense  per  train-mile 
due  to  the  heavier  weight  of  engine.  It  is  only  when  the  grades 
are  so  very  low  (approximating  closely  to  a  level)  that  even  a 
light  engine  can  haul  the  fifty  or  sixty  loaded  cars,  which  are 
as  many  as  can  be  conveniently  handled  with  the  present  bad 
style  of  coupling,  that  heavier  engines  can  be  legitimately  assumed 
to  meet  the  requirements  of  a  heavier  grade;  if  even  then. 


\ 
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Table  175. 

Estimated  Average  Cost  Per  Train-Mile  op  Doubling  the  Weight  of 

Engines  to  Haul  the  Same  Trains 

[The  percentage  by  which  any  given  change  of  grade  will  require  the  weight  of  engines 
(or  number  of  trains)  to  be  increased  is  given  in  Table  171.] 


Itbm. 
(As  per  Table  80,  page  179.) 


Fuel 

Oil,  waste,  and  water 

Engine  repairs 

Switching-engines 

Train  wages  and  supplies.. . . 
Car  maintenance  and  mileage 

Renewals,  rails 

Adjusting  track 

Renewals,  ties . 

Earthwork,  ballast,  etc 

Switches  and  sidings , 

Bridges  and  buildings 

Station,  terminal,  and*general 

Total 


Average 

Cost  of  Item. 

Cents  or 

Per  Cent. 


7.6 
1.2 
5.6 
5.2 

15.4 
12.0 

2.0 

6.0 

3.0 

4.0 

2.5 

5-5 
30.0 


100. o 


Per  Cent  Added  by 

Doubling  Weight 

of  Engine. 


25  per  cent. 


(( 


50  per  cenL 

Unaffected. 
«« 


(( 


50  per  cent 


14. 1  percent. 


Added 

Cost. 
Cents  or 
Per  Cent 


1.9 
0.3 
2.8 


I.O 

3.0 
1.5 

2.0 

1.3 
0.3 


14. 1 


Perhaps  one  further  exception  should  be  made — when  the 
traffic  is  so  very  light  that  it  is  not  practically  convenient  to  run 
very  heavy  trains,  as  when  it  is  less  than  three  to  five  freight  trains 
per  day. 

712.  Table  175  also  explains  why  there  is  so  great  a  tendency 
to  increase  the  weight  of  passenger  trains  by  supplying  more 
luxurious  accommodations.     It  is  because — 

1.  A  very  powerful  engine  costs  but  little  more  to  run  than  a 
light  one  (Table  175). 

2.  Coal  consumption  is  but  little  increased  by  material  differ- 
ences in  the  weight  of  cars  (par.  129). 

3.  Grades  have  but  little  influence  upon  passenger  trains 
until  they  become  very  long  (par.  397  <r/  se^.)^  and  by  slight  re- 
ductions of  velocity  an  up  grades  only  the  effect  of  increased  weight 
can  be  equalized  if  necessary  (Table  120),  running  somewhat 
faster  down  hill.     (See  also  Table  180,  p.  579). 
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4.  It  encourages  traffic  to  run  more  passenger  trains  (par.  89), 
and  discourages  it  materially  to  attempt  to  crowd  the  traffic  upon 
a  few  trains. 

5.  And  more  important  than  all,  the  increased  luxury  is  a 
great  attraction  to  travel,  and  added  travel  thus  secured  is  of 
immense  value  to  the  property  (pars.  37-41). 

713.  The  cost  of  increasing  the  number  of  engines  to  haul 
THE  SAME  TRAFFIC,  OH  account  of  a  heavier  grade,  may  be  estimated  as 
follows : 

The  number  of  trains  is  supposed  to  be  increased  by  a  change  of  maxi- 
mum grade  only,  which  will  not  ordinarily  extend  over  one  third  of  the 
distance.  While  running  over  the  remaining  distance,  the  work  done  on 
the  train  behind  the  engine  will  vary  according  to  the  weight  or  number 
of  cars.  While  running  on  the  maximum  grade  the  power  exerted  by  the 
engine  will  be  the  same,  since  in  each  case  the  engine  is  supposed  to  be 
fully  loaded  on  that  grade. 

714.  Fuel. — For  reasons  already  enumerated  (par.  344),  about  one 
half  of  the  consumption  of  fuel  will  vary  directly  with  the  tonnage  of  the 
train ;  the  other  half,  consisting  of  the  fuel  burned  in  stopping  and  start- 
ing (in  part),  getting  up  steam,  loss  by  radiation,  loss  by  head  resistance, 
etc.,  making  up  in  the  aggregate  the  50  per  cent  which  is  unaffected  by 
the  length  of  the  train. 

If,  therefore,  the  maximum  grade  be  increased  on  about  one  third  the 
length  of  the  road,  while  on  the  remainder  the  grades  remain  about  the 
same,  about  half  the  consumption  on  two  thirds  of  the  distance,  equal  to 
all  the  consumption  on  one  third  of  the  distance,  or  33  per  cent  of  the 
entire  consumption  will  vary  directly  with  the  net  weight  of  the  train  ;  so 
that,  if  the  grade  were  so  increased  as  to  take  two  locomotives  instead  of 
one  to  handle  the  same  traffic,  the  fuel  consumption  would  be  as  i.o  to 
1.67  at  most,  and  not  as  i.oto  2.0,  as  might  be  over-hastily  assumed. 
The  aggregate  cost  of  oil,  waste,  and  water  will  vary  in  about  the  same 
proportion. 

715.  Train-wages  will  of  course  vary  directly  with  the  number  of 
trains,  unless  the  change  of  grade  in  contemplation  were  so  great  as  to 
shorten  up  trains  so  as  to  dispense  with  one  brakeman,  which  can  rarely 
happen. 

716.  Station,  terminal,  and  general  expenses  will  remain  unaf- 
fected by  any  moderate  change,  but  there  is  nothing  by  which  they  are 
so  quickly  affected  as  by  a  decided  increase  in  the  number  of  trains,  and 
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a  full  20  per  cent  of  their  aggregate  may  be  considered  as  varying  directly 
therewith. 

717.  Of  the  COST  OF  MAINTENANCE  OF  WAY  we  canftot  directly  account 
for  an  increase  of  more  than  one  half  to  two  thirds  as  a  result  of  doubling 
the  engine- mileage,  the  car- mileage  remaining  constant ;  but  the  facts  given 
in  par.  125  and  its  accompanying  Tables  41-44  indicate  that  there  is  an  in- 
direct effect  from  multiplication  of  the  number  of  trains  which  seems  to 
cause  all  expenses  for  maintenance  of  way  to  increase  pari  passu  there- 
with, including  some  items,  such  as  those  for  policing,  maintenance  of 
ballast,  road-bed.  and  ties,  etc.,  etc.,  which  should  be  affected  but  little, 
if  any,  apparently,  by  the  precise  number  of  trains  over  the  road.  It  is  to  be 
remembered,  in  considering  the  tables  referred  to,  that  during  the  years 
which  they  cover  the  weight  as  well  as  the  number  of  trains  has  increased 
enormously,  which  should  naturally  tend  to  keep  maintenance  of  way  per 
train-mile  at  a  high  figure  ;  but  after  making  all  allowances  for  this  differ- 
ence, the  chief  cause  for  the  singularly  constant  ratio  of  increase  in  main- 
tenance of  way  and  maintenance  of  rolling-stock  is  probably  this :  A  con- 
tinually advancing  standard  of  maintenance  is  indispensable  as  the  volume 
of  traffic  increases,  and  the  cost  of  each  step  toward  perfection  increases 
about  as  the  square  of  the  number  of  steps.  A  very  slight  expenditure 
suffices  to  make  track  good  enough  for  the  passage  of  one  train  a  day. 
A  slight  addition  suffices  for  two  or  three  trains  a  day,  and  makes  a  great 
improvement  in  the  condition  of  the  track.  A  much  greater  expenditure 
is  necessary  to  fit  the  track  for  ten  trains  a  day,  and  yet  the  visible  ad- 
vance in  condition  is  much  less;  and,  finally,  as  we  get  up  to  thirty  or 
forty  or  fifty  trains  a  day,  a  very  great  additional  expenditure  is  found 
necessary — or  at  least  expedient — although  the  visible  advance  of  condi- 
tion is  very  small.  At  any  rate,  the  fact  seems  to  be  that  even  in  so  ex- 
treme an  advance  as  from  six  trains  a  day  to  sixty  (see  top  of  page  128), 
the  cost  of  maintenance  of  way  per  irain-mile  does  not  decrease,  but 
rather  the  total  cost  per  mile  of  road  increases  tenfold  with  the  number 
of  trains. 

718.  Investigation  clearly  indicates  this  to  be  THE  FACT.  We  are 
therefore  not  justified  in  going  behind  it,  to  see  whether  we  can  explain 
it,  but  must  take  it  as  it  is.  If  we  do  s^  we  are  compelled  to  estimate 
that  if  by  a  change  of  grade  we  should  doublj  the  engine- mileage  needed 
for  handling  the  same  tonnage,  we  should  also  doubie  the  entire  cost  of^ 
maintenance  of  way.  Making  a  concession  of  somewhat  doubtful  pro- 
priety to  the  fact  that  the  car-mileage  would  remain  the  same,  we  may  ex- 
clude the  cost  of  bridges  and  buildings  as  unaffected;  but  this  is  the  most 
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which  can  be  done.  Statistics  do  not  seem  to  indicate  that  the  total  cost 
per  train-mile  on  roads  which  handle  light  trains  is  sensibly  less  than  on 
roads  which  handle  heavy  trains. 

719i  Engine  repairs  should  apparently  vary  directly  with  the  miles 
run  ;  but  the  indications  are  (Table  42  et  al.)  that  as  a  matter  of  fact  it  is 
much  less  likely  to  do  so  than  maintenance  of  way,  owing  in  part  to  the 
large  proportion  of  incidental  expenses  (see  Table  57),  which  are  not  by  any 
means  doubled  to  maintain  a  double  number  of  engines.  There  will  also 
be  a  certain  diminution  of  wear  and  tear  from  stopping  and  starting,  etc. 
(see  Table  85,  page  203),  from  the  fact  that  the  trains  to  be  handled  are 
shorter.  Taking  both  of  these  causes  together,  it  is  not  probable  that 
doubling  the  number  of  engines  to  move  the  same  number  of  cars  would 
increase  engine  repairs  in  the  ratio  of  more  than  i.oo  to  1.75,  and  prob- 
ably somewhat  less. 

720.  Car  repairs  are  certainly  affected  beneficially  by  having  a  less 
number  of  cars  to  a  train.  By  referring  to  Table  86  (page  203)  it  will  be 
seen  that  more  than  one  third  of  the  total  cost  of  car  repairs  can  be  di- 
rectly traced  to  the  concussions  of  stopping  and  starting  and  making  up 
trains.  Much  of  this  expense  may  disappear  with  the  introduction  of 
better  couplers;  but  even  this  is  doubtful,  as  an  automatic  coupler  will 
permit  of  much  more  violence  in  running  cars  together,  since  a  brake- 
man's  life  between  the  cars  will  no  longer  have  to  be  considered.  A 
diminution  of  at  least  10  per  cent  may  fairly  be  estimated  as  a  result  of 
running  only  half  as  long  trains. 

721.  To  these  expenses,  properly  so  called,  is  to  be  added  an  inter- 
est charge  on  the  cost  of  the  additional  motive-power  re- 
quired by  the  higher  grade,  unless  the  first  cost  of  these  engines  be  in- 
cluded in  the  estimated  cost  of  constructing  the  higher  grade-line,  before 
determining  the  difference  in  the  capital  investment. 

This  should  be  done  because  the  addition  of  the  required  number  of 
engines  is  really  so  much  added  to  the  original  investment.  Before  the 
line  is  ready  to  handle  the  required  traffic  it  is  as  necessary  to  have  them 
as  it  is  to  have  the  track  laid  on  the  high  grade-line  and  not  on  the 
other.  In  considering  differences  of  distance  (if  not  too  great),  or  curva- 
ture, or  rise  and  fall,  this  is  not  so.  The  total  amount  of  equipment  will 
be  the  same  whatever  the  differences  in  that  respect.  We  therefore  es- 
timate the  expenses  regardless  of  interest  on  the  plant,  and  only  consider 
differences  in  the  cost  of  construction.  Of  the  car  equipment  the  same 
is  true  in  the  case  of  gradients.  Whatever  the  grades,  the  number  of 
cars  will  be  the  same ;  but  as  the  number  of  engines  is  increased  because 
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of  the  grades,  and  not  for  any  difference  of  traffic,  we  must  either  include 
the  difference  in  the  cost  of  equipment  as  a  part  of  the  cost  of  construc- 
tion, or  add  an  interest  charge  to  expenses.  On  the  whole,  it  is  more 
convenient  to  add  the  interest  charge. 

722.  Putting  together  all  these  items  which  have  been  just 
considered,  we  obtain  the  summary  given  in  Table  176,  as  the 
effect  on  operating  expenses  of  so  increasing  the  rate  of  grade 
as  to  double  the  number  of  engines  required  to  handle  a  given 


Table  176. 

Estimated  Average  Cost  Per  Train-Mile,  of  Doubling  the  Number  of 
Trains  to  Handle  a  Given  Traffic;  or  Proportion  of  Expenses 
WHICH  Varies  Directly  with  the  Number  of  Trains,  the  Car- Ton- 
nage remaining  Constant. 

[The  percentage  by  which  any  given  change  of  grade  will  require  the  number  of  trains 
(or  weight  of  engines)  to  be  increased,  is  given  in  Tables  171  and  178.] 


Itbm. 
(As  per  Table  80,  page  179.) 


Fuel 

Oil,  waste,  and  water , 

Engine  repairs 

Switchinfi"  engines 

Train  wages  and  supplies 

Car  maintenance  and  mileage. 

Renewals,  rails 

Adjusting  track 

Renewals,  ties 

Earthwork,  ballast,  etc 

Switches  and  sidings 

Bridges  and  buildings 

Station,  terminal,  and  general 

Total  of  operating  items. . 


Average 

Cost  of  Item. 

Cents  or 

Per  Cent. 


7.6 
1.2 
5.6 
5.2 

12.0 
2.0 
6.0 
3.0 
4.0 

2.5 

5-5 

30.0 


100. o 


Per  Cent  Added  by 

Doubling  Number 

of  Trains. 


67  per  cent. 


.1 


75  per  cent. 

Unaffected. 
100  per  cent. 

10  p.  c.  less, 
100  per  cent. 


t< 


«( 


<< 


.f 

Unaffected. 
20  per  cent. 


47 . 8  per  cent. 


To  this  is  to  be  added  the  interest  on  the  cost  of  one  extra  locomo- 
tive for  one  train-mile.  Estimating  the  cost  of  the  locomotive 
at  about  10  000  times  the  cost  of  a  train-mile,  and  the  interest 
thereon  at  6  per  cent  as  about  600  times  the  cost  of  a  train-mile; 
and  estimating  the  average  passenger-engine  mileage  to  be 
40,000  miles  per  year,  we  have,  as  the  interest  charge,  per  mile, 


Making  the  grand  total. 


Added 

Cost. 
Cents  or 
Per  Cent. 


51 
0.8 

4.2 

•  •   •   • 

15.4 
(-1.2) 

2.0 

6.0 

3.0 

4.0 

2.5 

•  •    •    • 

6.0 


47.8 


1.7 


49.6 


IM.. 
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traffic.  When  and  if  it  can  fairly  be  assumed  that  the  weight  of 
engines  can  be  increased  instead  (par.  711),  Table  175  gives  the 
percentage  of  increase  in  expenses. 

723i  In  the  former  edition  of  this  work,  this  summary  was  materially  dif- 
ferent, especially  as  respects  the  effect  of  increasing  the  weight  of  engines,  as 
shown  in  the  following  Table  177.  The  cause  of  the  discordance  is  simply  the 
change  in  conditions,  in  the  writer's  view,  and  not  that  either  is  essentially  in- 
correct. 

Table  177. 

Estimated  Cost  of  Doubling  the  Engine-Tonnage  for  the  same  Car- 
Tonnage  USED  IN  THE   FORMER   EDITION  OF  THIS  TREATISE. 
[For  statistics  based  for  the  most  part  on  iron-rail  track.] 


Total 

Cost. 

Cis.  or 

Per  Cent. 

For  a  Double  Number 
OP  Engines. 

For  a  Double  Weight 
OP  Engines. 

Items. 

Percent  increas- 
ing with  Number 
of  Engines. 

Added 
Cost. 

Per  cent  increas- 
ing with  Weight 
of  Engines. 

Added 
Cost. 

Fuel  

10. 0 
2.0 
9.0 

12.0 

130 
7.0 
7.0 

30.0 

90  per  cent. 

90   "      " 

90    "      " 

90   "      " 
100   "      " 
100    "    •  " 
Included  above. 

Unaffected. 

9.0 

•     21. 0 

13.0 
7.0 

•  ■    •    • 

•  •    •    • 

50  per  cent. 

r  50  "   " 
'  33  "   " 

.  Unaffected. 

200  per  cent. 

100   "      " 
Included  atbove. 

Unaffected. 

so 

I.O 

Oil.  waste,  etc 

Knffine  reoairs 

30 

Train- wae'es 

Track  reoairs 

96.0 

Road-bed  repairs 

Yards  and  structure 

General  and  station 

7.0 

•  •  •  • 

•  ■  •  • 

Touls  

100. 0 

50  per  cent. 

50.0 

42  per  cent. 

4a. 0 

Assumed  average^  48  cents  per  train-mile,  or  48  per  cent  of  operating^  expeoses. 

724.  Assuming  that  under  all  ordinary  circumstances,  for 
moderate  changes  of  grade,  any  increase  must  be  met  by  an  in- 
crease in  the  number  and  not  in  the  weight  of  engines,  we  have 
49.5  cents  per  train-mile,  or  49.5  per  cent  of  operating  expenses, 
as  the  portion  of  the  total  expenses  which  will  vary  with  increase 
of  engine-mileage  to  handle  the  same  business,  which  is  not  far 
from  the  cost  of  running  an  engine  light,  as  it  should  be. 

Multiplying  this  amount  by  365  X  2,  we  have 

$0,495  X  365  X  2  =  $361.35 

as  the  yearly  sum  per  daily  train  per  mile  of  road  which  varies  di- 
rectly with  an  increase  of  engine-tonnage  for  the  same  traffic. 
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If,  now,  we  multiply  this  sum  by  the  percentage  of  the  in- 
crease IN  engine-mileage   resulting    from  an   increase   of    O.I 

PER  CENT  in  any  ruling  grade,  we  shall  obtain  the  cost  per  daily 
train  per  mile  of  road  of  such  increase.  In  other  words,  we  ob- 
tain the  cost  per  train  of  increasing  the  number  of  trains  to  han- 
dle the  same  fixed  tonnage,  or  the  saving  per  train  by  decreasing 
that  number;  i.e.,  we  obtain  the  cost  of  using  i.i,  1.2,  1,5,  or 
2.0  trains,  instead  of  one,  to  handle  a  given  tonnage,  or  the  sav- 
ing by  using  0.9,  0.8,  or  0.6.  That  cost  or  saving  is  given  in 
Table  178,  and  when  multiplied  by  the  estimated  number  of  the 
trains  on  the  grade  for  which  the  traffic  was  estimated,  it  gives 
the  total  cost  or  saving. 

725.  The  cost  thus  obtained  is  not  an  absolute  value,  inde- 
pendent of  the  length  of  the  road,  as  in  the  case  of  the  similar 
values  deduced  for  distance  (Tables  ^^y  89),  curvature  (Table 
115),  or  rise  and  fall  (Table  124),  but  varies  with  the  length  of 
the  road  or  division,  inasmuch  as  the  ruling  grade  increases  the 
cost  of  operating  the  entire  road,  whatever  the  length  of  the  rul- 
ing grade  itself  may  be.  Hence,  to  obtain  the  true  value  of  re- 
ducing grade,  it  must  be  multiplied  by  the  length  of  the  road. 
It  may  appear  that  it  should  be  multiplied  by,  not  the  actual 
but,  the  equated  length,  according  to  pars.  195-9,  since  we  have 
there  seen  that  10  per  cent  more  distance  does  not  by  any 
means  add  10  per  cent  to  operating  expenses.  But  while  this 
view  is  in  a  sense  correct,  yet  the  items  which  vary  with  a  change 
of  grade  vary  so  nearly  with  distance  likewise,  that  it  would  lead 
us  too  far  to  attempt  any  more  accurate  process  of  equating. 

726.  The  cost  per  year  in  Table  178,  divided  by  the  rate  of 
interest  on  capital,  0.06,  0.07,  etc.,  will  give  the  capitalized 
VALUE  per  daily  train  of  avoiding  an  addition  of  o.i  per  cent  to 
the  ruling  grade.  Thus,  to  avoid  an  increase  of  o.i  per  cent  in 
a  i.o  ruling  grade,  at  6  per  cent  on  capital,  and  for  a  division  100 
miles  long,  we  have 

^^^  =  $48,783  per  daily  train, 
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Table  178, 
Estimated  Value  per   Daily  Train    of  Avoiding  an  Addition  of  0.1 

P«r  Cent  (5.28  FeET   PeR   MiLE)  TO  THE   RaTE  OF  ANY   RULING   GRADE. 

[Cost  per  train-mile  assumed  at  $1.00.] 


Per  Cent  of 

Increase  in 

Enfi^.  Mileage 

for  Each  o.z 

Per  Cent 

Added  10  the 

Grade  (from 

Table  171). 

Coit  Per  Year  Per  0.1  Per 
Cent  Increase  in  Grade. 

Relative  No.  of 

Trains  to 

Haul  Same 

Traffic. 

Rate  op 

Gkadr  to 

vs  Changed. 

Per  Daily  Train 

=  Preceding 

Per  Cent 

X  $361.35 
X  100  Miles. 

Per  1000  Ton- 
Miles  Daily  of 
Cars  and  Load 
as  per 
Table  170. 

Relative 
NetLoML 

Level 

25.9 

$9  359 

$17.50 

1. 00 

100.00 

0.1 
0.2 

0.3 
0.4 

0.5 
0.6 

0.7 
0.8 
0.9 

20.9 

175 
15. 1 

133 
II. 9 
10.8 

9.8 
9.2 

8.5 

7.552 
6353 

5.456 

4.806 
4.300 
3.903 

3.541 

3324 
3.072 

17.77 
18.03 
18.23 

18.48 
18.75 
19.03 

19  34 

19.74 
20.12 

1.26 
1.52 
1.79 

2.06 
2.33 
2.61 

2.89 
3.18 
3.47 

79-44 
65-.  72 

55.93 

48.60 

42.88 
38.32 

34.58 
31.48 

28.82 

I.O 

8.1 

2927 

20.38 

3.76 

26.58 

1.2 
1.4 
1.6 

1.8 
2.0 
2.2 

2.4 
2.6 

2.8 

7.0 

6.3    . 

5.8 

5.5 
5.1 

4.8 

4.6 

4.4 
4.2 

2.530 
2.277 
2.096 

1987 
1.843 
1.734 

1,662 

1.590 

1. 518 

20.87 

21.43 
22.26 

23.18 
24.26 
25.22 

26.23 
27.22 
28.21 

4  37 
4.99 
5-63 

6.29 
6.98 
7.69 

8.41 
9.16 

9-94 

22.88 
20.04 
17.76 

15.89 

14.32 
13.01 

11.89 
10.92 
10.06 

3-0 

4.0 

1.445 

29.02 

10.74 

9.31 

3-5 
4.0 

5.0 

3.6 

3.4 
3.2 

1. 301 
1,229 

1,156 

31.42 
35  10 
44.82 

12.92 
15.29 
20.74 

7.74 

6.55 
4.82 

Comparison  of  the  third  and  fourth  columns  will  show  that  while  the  cost 
per  daily  train  of  a  given  increase  of  grade  is  much  less  on  the  higher  grades,  because 
the  number  of  trains  is  so  much  greater,  yet  that  the  cost  per  unit  of  traffic  is  greater  as 
the  grades  are  higher,  as  it  naturally  should  be. 
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The  third  column  in  this  table  is  computed  for  a  division  ioo  miles 

LONG.     For  a  gjeater  or  less  length,  increase  in  direct  ratio  with  the  length.    Letting 

C  =  the  sum  thus  obtained,  we  have 

o  X  number  daily  trains  (each  way)  x  tenths  per  cent  of  change  of  grade 
rate  of  interest  on  capital  (0.06,  0.07,  etc.) 

capitalized  value  of  any  increase  or  decrease  in  the  rate  of  the  given  ruling  grade,  approx* 

imately.     For  greater  exactitude,  determine  the  correct  percentage  for  the  given  change 

of  grade  from  Table  171 ;  or,  for  still  greater  exactitude  compute  the  percentage  from  the 

train-loads  given  in  Table  170  for  the  two  given  grades  and  the  given  type  of  engine. 

The  fourth  column  is  independent  of  the  length  of  the  division,  and  may  be  de* 

duced  from  the  third  column  by  dividing  it  by  the  total  weight  of  train  as  given  in  Table 

170,  X  aoo  ^  looa 

or,  for  the  moderate  traffic  of  10  daily  trains  per  day  (each  way, 
in  all  cases),  $487,833. 

If  the  division  be  no,  120,  or  150  miles  long,  this  sum,  multi- 
plied by  1. 10,  1.20,  or  1.50,  will  give  the  capitalized  value,  as 
nearly  as  may  be.  If  the  change  in  grade  be  0.2  or  0.3  per  cent, 
the  capitalized  value  will  be  again  increased  in  proportion. 
Thus,  if  the  division  be  150  miles  long,  and  the  comparison  be 
between  a  i.o  and  1.5  grade,  we  have 

$487,833  X  1.5  X  5  =  $3,658,750 

as  the  approximate  justifiable  expenditure  for  avoiding  the  in- 
crease, for  10  trains  per  day  and  at  $1  00  per  train-mile.  For 
greater  exactness  see  note  to  Table  178,  above. 

727t  Several  recent  French  and  German  estimates  of  the  value  of  reducing 
grades  might  be  given,  which  do  not  differ  radically  from  the  preceding  except 
in  the  constants  assumed;  in  which  latter  respect  they  do  differ  radically. 
Table  179  gives  one  of  the  most  recent  and  most  nearly  correct  of  such  esti* 
mates.  There  are  no  estimates  in  English  known  to  the  writer,  of  an  at  all 
reliable  character. 

72B,  The  greatly  inferior  loads  hauled  on  foreign  railways  compared  with 
American  practice  is  conspicuously  brought  out  in  this  table.  An  Americmi? 
engine  with  40  tons  on  the  drivers  will  haul  in  daily  practice  (Table  170), 

Tons.  Tonnes. 

On  a  0.5  grade, 1041  )  Against  French  (  487 

On  a  1.0  grade, 644  v        practice.       <  274 

On  a  2.0  grade, 347  )    by  Table  179,    (  131 

The  French  loads  are  explicitly  stated  to  be  based  on  velocities  of  25  kilo* 
per  hour,  and  indicate  to  an  American  eye  very  bad  administration. 
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Table  179. 
Estimate  of  the  Value  of  Reducing  Grades  on  French  Railways. 


[Bj  M.  Ricour,  Infi^.  en  Chef,  Corps  des  Fonts  et  Chauss^es. 

referred  to  in  par.  66a.] 


Abstracted  from  the 


Graob. 

Gross  Load 

C. 

Tonnes. 

Price  per 

Train  Kilo. 

Francs. 

Friceper 

xcoo  tonnes  gross, 

per  Kilo. 

Francs. 

•4 

568 

X.546 

a.  7a         Diffs. 

•5 

487 

X.465 

3.00            .a8 

.6 

•7 
.8 

9 

425 
375 
335 
30a 

x.403 

x-353 

x-3«3 
x.aSo 

3.30             .30 
3.60             .30 

3  9X             .3X 
4.23             .32 

x.o 

274 

x.a5a 

4-56             .33 

x.a 

«-4 

1.6 
Z.8 

a3o 
196 
169 
«47 

x.ao8 
X.X74 
X.X47 
x.xas 

525             .36 
598             .37 
6.78             .39 
7.65             .46 

a.o 

i3« 

X.109 

8.46             .43 

The  last  column  of  this  table  x  "7.5  (1.61  X  0.20  X  365)  will  give  a  column  oom- 
iponding  to  the  fourth  column  of  Table  178.  No  close  correspondence  can  be  expected, 
Oecause  the  French  loads  are  so  much  less  and  decrease  so  much  more  rapidly  with  grade. 

This  table  was  computed  for  a  6-driver  engine,  36  tonnes  (39.67  tons)  on  drivers ; 
mean  total  weight,  50  tonnes  (55.10  tons).  The  values  in  the  last  colunm  are  of  a  more 
general  character.  They  are  independent  of  the  weight  of  the  engine — at  least  vrithin 
the  limits  of  usual  French  practice. 

THE   PROPORTION    OF    TRAFFIC    AFFECTED    BY  THE   RATE   OF 

RULING    GRADE. 

729.  According  to  the  character  of  the  road,  this  may  vary 
under  ceitain  conceivable  circumstances  between  the  extreme 
limiti  of  o  and  100  per  cent,  for  both  passenger  and  freight 
traffic.  Freight  traffic  is  by  far  the  most  affected,  but  there  are 
at  least  occasional  instances  in  which  the  freight  traffic  is  so 
light  and  so  little  liable  to  grow  that  no  appreciable  value 
whatever  can  be  assigned  to  reduction  of  grades  below  a  cer- 
tain limu.  For,  as  the  whole  objection  to  gradients,  properly 
io  called,  lies  in  their  effect  to  limit  the  length  of  trains,  a  re* 


X. 
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duction  of  their  rate  has  value  only  for  such  trains  as  they  do  in 
fact  so  limit.  One  train  at  least,  the  **  way  freight/*  is  very 
often  not  so  limited  on  all  railways,  and  many  minor  railways 
are  not  so  fortunate  as  to  run  anything  else  but  way  freights 
over  their  lines. 

730.  Nevertheless,  as  a  rule,  both  the  way  freight  and  all  other 
freigiit  trains  vary  in  length  directly  with  the  de-facto  gradients, 
and  should  be  assumed  to  do  so.  This  does  not  at  all  assume 
that  all  trains  will  be  fully  loaded,  for  that  is  not  a  practicable 
result;  but  simply  that  the  percentage  of  power  wasted  to 
power  utilized  will  be  sensibly  the  same  for  all  grades  and 
lengths  of  trains,  or  nearly  enough  so  for  all  practical  purposes. 
If  so,  it  necessarily  results  that  the  percentage  of  increase  in 
trains  will  be  much  the  same,  whether  they  are  fully  loaded  or 
not. 

731.  As  respects  passenger  business  (see  par.  88),  although 
it  is  much  less  directly  and  immediately  affected  by  a  change 
of  grade  than  freight  traffic,  because  of  the  higher  speed,  and 
the  large  surplus  of  motive- power  required  therefor  and  for 
stopping  and  starting,  yet  in  the  long-run,  whenever  the  pas- 
senger business  becomes  considerable  in  volume  or  largely  com- 
petitive, either  the  number  or  the  weight  of  passenger  engines 
must  be  materially  affected  by  the  rate  of  grade.  The  effect  in 
the  case  of  passenger  traffic  is  far  more  irregular,  but  not  there- 
fore the  less  certain.  A  train,  for  example,  might  haul  an  extra 
car  or  two  over  any  given  grades,  or  haul  the  same  cars  over  a 
heavier  grade,  as  well  as  not,  when  the  addition  of  yet  another 
car  to  the  train  of  say  ten  cars  might  require  it  to  be  cut  in  two, 
and  so  immediately  double  the  motive-power  required  by  in- 
creasing the  load  hauled  only  ten  per  cent.  It  is  certain,  more- 
over, that,  whatever  the  margin  of  power  deemed  necessary  for 
emergencies,  if  we  reduce  our  grades  and  train  resistance  by 
any  fixed  amount,  the  weight  of  engines  may  always  be  re- 
duced, or  the  weight  of  train  increased,  in  the  same  proportion, 
and  yet  leave  the  same  margin  for  emergencies  or  anticipated 
growth  of  traffic  as  before,  however  much  or  little  that  may  be. 

37 
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Hence  a  reduction  of  ruling  grade  has  a  positive  and  present 
cash  value,  even  if  every  passenger  train  on  the  road  will  habit* 
ually  run  liglit  for  an  indefinite  number  of  years. 

732.  But  this  value  will  be  but  small  when  the  passenger 
traffic  will  be. light  during  the  first  few  years  after  construction 
(par.  84)  or  when  the  traffic  is  not  exacting  as  respects  speed,  or 
both,  for  the  reason  that  the  effect  of  any  ordinary  increase  ot 
grade,  not  sufficient  to  imply  pushers  for  passenger  as  well  as 
freight  trains,  may  frequently  be  eliminated  by  a  moderate  re 
duction  of  speed  between  stations.  The  limits  within  which 
this  is  certainly  and  readily  possible  may  be  determined  as 
follows  : 

733.  In  Table  180  are  given  the  grades  of  repose  for  various 
passenger  trains  at  various  speeds,  determined  from  the  com- 
puted resistances  in  pounds  per  ton  in  Table  166  by  simply 
dividing  them  by  twenty.  The  limits  of  ordinary  passenger 
trains  are  from  four  to  twelve  cars,  but  the  table  extends  from 
no  cais  at  all  to  sixteen. 

These  so-called  "  grades  of  repose  "  (see  definition  in  par.  384) 
are  grades  equivalent  to  the  addition  which  the  train  resist* 
ance  makes  to  the  actual  plus  or  minus  grade  resistance.  Sub- 
tracting them  one  from  another,  as  is  done  in  Table  180  B,  we 

have  THE  AMOUNT  BY  WHICH  THE  GRADE  IS  IN    EFFECT  REDUCED  BY 

REDUCING  SPEED  bv  a  Certain  number  of  miles  per  hour.  If, 
then,  it  be  admissible  to  consider  the  speed  of  a  4-car  train  to 
be  reduced  from  thirty  miles  per  hour  to  fifteen  or  twenty  mileS| 
we  can  (Table  180 — B)  use  a  grade — 

0.194-0.16+0.13  =0.48  per  cent, 

or  0.19  +  0. 16  =0.35  per  cent  higher  than  if  a  speed  of  thirty 
miles  per  hour  were  essential  on  the  grade  as  well  as  elsewhere. 
We  shall  shortly  see  (Table  183)  that  the  loss  of  time  in  so  do- 
ing is  less  than  is  often  supposed.  When  to  this  is  added  the 
relief  gained  by  momentum  if  the  foot  of  the  grade  can  be  ap- 
ptoached  at  thirty  or  forty  or  fifty  miles  per  hour  (Table  118 
and  par.  408)    we  have  considerable  lee-way  in  respect  to  pas 
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Table  180. 

Grades  of  Repose  for  Passenger  Trains  of  Various  Lengths  at 

Various  Speeds. 

(17  X  24  American  engine— cars  averaging  35  tons  each.    AccoxtUng  to  the  formulae  given 

in  Table  x66.] 

[For  grades  of  repose  of  freight  trains,  tee  Table  zso.] 


Weight 

Grades 

OP  Reposb,  Pbr  Cbnt,  por  VsLOcmBs  in  Milbs  Pbr  Hour. 

Kind  op  Train. 

Tons. 

IS 

20 

25 

30 

40 

50 

60 

70 

Engine  only 

56 

0.60 

0.88 

1.14 

1.69 

2.81 

4.26 

6.03 

8.1a 

*    and  2  cars.. 

ZX2 

0-45 

0.62 

0.83 

Z.08 

«-74 

a.58 

3.62 

4.83 

"     ••    4  cars.. 

x68 

0.40 

0.52 

0  69 

0.88 

X.38 

2.02 

2.81 

3-74 

='     "    8  cars.. 

280 

0.36 

0.46 

0.58 

0.73 

X.XO 

1.58 

3. 12 

a. 87 

••      "  12  cars.. 

39a 

0.34 

0.42 

0.53 

0.65 

0.98 

1.39 

X.89 

9.49 

**      "  x6cars.. 

504 

0.33 

0.4X 

0.50 

0.62 

0.9Z 

1.28 

x-74 

8.28 

Table  180  B. 

Increase  of  Grade  which  will  be  Compensated  for  by  a  Reduction 
of  Train  Speed  from  each  of  those  given  in  Table  180  to  the 
next  lower. 

[Deduced  by  subtracting  each  of  the  grades  of  repose  from  the  next  higher.] 


Kind  op  Train. 

Rbduction  op  Equivalent  Grade  by  Reducing  Speed  prom— 

20  to  15 

25  to  20 

30  to  25 

40  to  30 

50  to  40 

60  to  50 

70  to  60 

Engine  only 

**     and  2  cars... 
••       **     4  cars.. 
*•        **     8  cars. . . 
••        *•  xa  cars. . . 
••       "  i6cars.. 

0.28 
O.X7 
0  X3 

O.IO 

0.08 
0.08 

0.46 

0.2X 

o.x6 

O.X2 

o.xx 
0.09 

0  45 
0.25 
0.X9 
O.X5 

O.X2 
0   X2 

X.Z2 
0.66 
0.50 

0  37 

0.33 
0.29 

I-4S 
0.84 
0.65 
0.48 
0.4X 
0.37 

1.77 
X.04 
0.78 

0.54 
0.50 
0.46 

8.09 
I  fli 
093 

0.75 
0.60 
0.54 

While  it  is  probable  that  these  differences  represent  somewhat  more  than  the  actual 
differences  in  the  resistance  to  be  overcome  (par.  655),  it  is  quite  certain  that  they  are  not 
nearly  large  enoug:h  to  fully  represent  the  combined  effect  of  the  lower  resistance  and 
greater  cylinder  and  boiler  power  of  the  engine  at  lower  speeds  (par.  557). 
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senger  trains  before  certain  differences  of  grade  may  materially 
affect  them. 

734i  This  assumes  that  there  are  no  stops  made  or  to  be  made  on  the  grade 
without  ample  reduction  of  grade  at  the  stopping  point,  the  train  which  can  be 
started  promptly  being  for  the  most  part  the  limiting  cause  to  the  length  of 
passenger  trains.  The  ultimate  limits  of  the  possibility  of  eliminating  the  effect 
of  grades  by  reduction  of  speed  must  be  determined  a  little  differently  from  the 
above,  and  may  be  more  appropriately  given  in  Chapter  XX. 

735t  Keeping  all  these  considerations  in  view,  the  effect  of 
change  of  grade  on  passenger  traffic  may  be  summarizes  as  fol- 
lows: 

For  roads  having  considerable  passenger  traffic,  say  over 
four  or  five  trains  per  day  each  way,  the  passenger  trains  will  be 
affected  essentially  as  freight  trains  are,  unless  the  ruliug  grades 
are  short  and  undulating,  and  the  estimated  number  of  each 
class  of  trains  should  be  added  together. 

For  roads  having  only  one  or  two  light  passenger  trains  per 
day  run  at  no  very  exacting  speed,  the  passenger  traffic  may 
not  be  affected  at  all  by  a  moderate  change  of  grade.  Whether 
it  is  likely  to  be  or  not,  must  be  determined  by  Tables  i8o  and 
i8i. 

For  such  ordinary  passenger  traffic  as  most  new  American 
roads  look  forward  to  in  the  near  future,  say  from  two  to  five 
trains  per  day,  half  the  estimated  number  of  passenger  trains 
may  be  added  to  the  freight,  for  estimating  the  value  of  reduc- 
ing grade,  for  the  reason  that  at  least  half  the  trains  are  liable 
to  be  affected  by  the  gradients. 

736.  The  tendency  to  increasing  luxury  in  first-class  passenger 
travel  has  been  already  alluded  to  in  par.  712.  An  opposite  ten- 
dency has  begun  to  show  itself,  which  will  tend  to  still  further 
increase  the  effect  of  grades  on  passenger  traffic — a  kind  of  third- 
class  traffic  carried  at  low  rates  but  in  large  numbers.  It  is 
probable  that  before  many  years  the  mutual  interests  of  the  rail- 
ways and  the  public  will  compel  a  large  extension  of  this  class  of 
traffic,  and  favorable  grades  for  passenger  service  will  then  be  a 
factor  of  great  importance. 

737.  As  an  example  of  the  great  comparative  importance  of 
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low  grades,  we  may  now  profitably  refer  back  to  Chap.  X.,  the 
assumptions  made  in  which  we  have  just  substantiated.  While 
such  estimates  as  are  here  made,  as  has  been  often  stated,  cannot 
be  regarded  as  positive  and  exact,  even  when  carefully  revised  to 
suit  individual  lines,  the  possible  margin  of  error  is  too  small  to 
seriously  modify,  if  corrected,  the  moral  which  they  are  calculated 
to  convey,  which  is  that  wrongly  directed  expenditure  is  at  the 
root  of  much  of  the  financial  difficulties  of  railways. 

In  the  example  referred  to  one  detail  of  occasional  importance 
has  been  neglected,  viz.: 


THE   EFFECT    OF  A   DIFFERENCE    IN    RULING    GRADE  ON   THE    COST    OF 
DISTANCE,   CURVATURE,  AND  RISE  AND   FALL. 

738.  Wliile  we  have  seen  in  Chap.  X.  that  ordinarily,  when  two  lines 
differing  in  ruling  grade  are  to  be  compared,  the  importance  of  the  differ- 
ence in  gradients  and  in  traffic  advantages  combined  will  be  so  great  that 
such  differences  as  may  exist  in  any  or  all  the  minor  details  may  be  neg- 
lected without  affecting  the  decision,  yet  when  the  comparison  between 
two  lines  differing  in  ruling  grade  is  so  close  that  it  is  desirable  to 
determine  accurately  the  effect  of  differences  in  the  minor  details  also, 
the  difference  in  the  rate  of  the  ruling  grades  of  the  two  lines  makes  it 
necessary  to  treat  the  minor  details  somewhat  differently  from  merely 
subtracting  the  amount  of  distance,  curvature,  or  rise  and  fall  on  the  two 
lines  from  each  other,  and  computing  the  value  of  the  difference  only,  as 
we  have  done  heretofore. 

739.  Suppose  the  case  of  two  lines,  each  100  miles  long,  and  with  pre- 
cisely the  same  amount  of  curvature  and  rise  and  fall,  but  with  a  ruling 
grade  on  one  line  of  0.8  per  cent  and  on  the  other  of  1.6  per  cent.  It 
appears  at  first  sight  as  if  in  this  case,  whatever  the  amount  of  curvature 
or  rise  and  fall,  they  might  be  balanced  against  each  other  and  neglected  ; 
but  consideration  shows  this  to  be  so  far  untrue  that,  inasmuch  as  more 
trains  will  be  run  over  one.line  than  the  other,  the  cost  of  each  degree  of 
curvature  and  each  foot  of  distance  or  rise  and  fall  will  be  greater  on  one 
line  than  the  other,  so  that  the  line  having  the  heavier  gradients  will  be 
more  objectionable  in  proportion  to  the  amount  of  curvature  or  rise  and 
fall  which  there  may  be  on  both  lines  alike.  In  other  words,  just  as  there 
is  a  certain  cost  of  operating  each  train-mile  of  distance,  so  there  is  a 
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certain  cost  cf  operating  what  we  may  call  each  train-d^rce  of  curvatnre 
and  each  train-foot  of  rise  and  fall. 

If,  therefore,  in  such  an  instance  as  that  supposed,  the  two  lines  had 
much  curvature  and  rise  and  fall,  the  money  value  in  favor  of  the  lower 
grade  would  be  considerably  greater  than  if  both  lines  alike  were  nearly 
straight  and  had  very  little  rise  and  fall. 

740.  This  difference  of  value  should  properly  find  expression  in  a 
different  assumed  cost  per  train-mile ;  and  in  estimating  the  value  of  a 
projected  improvement  to  a  line  already  in  operation  it  would  be  so  ex- 
pressed, since  the  curvature  and  rise  and  fall  would  already  have  had  its 
effect,  much  or  little  as  the  case  might  be.  to  increase  the  operating  ex- 
penses by  which  we  gauge  the  value  of  reducing  grade. 

But  in  the  case  of  a  new  road  we  have  not  this  advantage,  inasmuch 
as  we  cannot  foresee  the  exact  cost  of  each  item  of  operating  expense. 
The  most  feasible  method  therefore  for  approximating  to  what  we  really 
desire,  the  difference  in  operating  expenses  per  train-mile  on  the  two 
lines,  is  tliis: 

741t  First.  Estimate  the  cost  per  year  of  all  the  curvature  and  rise 
and  fall  on  the  low-grade  line  for  the  estimated  number  of  daily  trains, 
according  to  Tables  1 1 5  and  124. 

Secondly.  Make  the  same  estimate  for  all  the  curvature  and  rise  and 
fall  on  the  high-grade  line,  for  the  estimated  increased  number  of  trains 
required  10  handle  the  same  traffic,  as  determined  by  Tables  170, 171,  and 
178. 

Thirdly.  Subtract  one  from  the  other  for  the  net  difference. 

Similarly  for  any  difference  of  distance  :  If  the  high-grade  line  be  the 
longer,  the  cost  of  operating  the  extra  distance  on  the  high-grade  line 
must  be  estimated  for  the  number  of  trains  on  it;  while  if  the  low-grade 
line  be  the  longer,  by  the  same  amount  the  cost  of  operating  the  extra 
distance  must  be  estimated  for  its  smaller  number  of  trains,  and  hence 
will  be  somewhat  smaller  than  for  a  similar  excess  on  the  high-grade 
line. 

742.  There  is  this  further  caution  :  Inasmuch  as  the  traffic,  and  hence, 
number  of  cars  per  day  or  per  year,  is  supposed  to  be  the  same  by  either 
Tne,  the  only  difference  being  that  shorter  trains  and  more  of  them  are 
run  over  the  high  grade,  the  same  cost  per  train-mile  cannot,  strictly 
speaking,  be  assumed  the  same  for  both  lines.  We  have  estimated  in 
Table  176  that  the  cost  of  doubling  the  number  of  trains  for  the  same 
traffic  is  49.5  cts.  per  extra  train-mile,  or  49.5  per  cent  of  the  average  cost. 
For  a  change  of  grade  so  considerable  as  to  halve  the  number  of  cars  pe/ 
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train,  therefore,  the  relative  cost  per  train-mile  in  the  two  lines  would  be 

as  1. 00  to  — —,  or  I.  to  0.74,  and  proportionately  for  less  consider- 

able  differences  of  grade.  In  other  words,  whatever  wear  and  tear  results 
from  the  number  of  cars  moved  over  the  line,  as  well  as  the  expense  of 
loading  and  billing  the  freight  in  them,  etc.,  is  unaffected  by  the  change 
of  grades.  Whatever  is  due  to  the  engine  increases  fro  rata  with  the 
number  of  trains. 

743.  For  still  another  reason  than  those  just  mentioned,  it  can 
rarely  be  essential  to  enter  into  minutely  accurate  calculations  as 
to  the  minor  details  to  decide  on  one  line  or  the  other.  When 
the  comparison  between  two  lines  becomes  so  close  that  it  would 
otherwise  be  necessary,  the  possible  effect  of  the  two  lines  on 
volume  of  traffic  ought  alone  to  outweigh  it,  and  the  prudent  rule 
becomes — 

1.  When  the  company  is  or  soon  may  be  poor  (and  it  is  no 
more  than  common  prudence  to  assume  that  it  will  be  embar- 
rassed for  means  at  some  time  in  the  near  future,  when  it  is  not 
backed  by  a  great  system  of  profitable  lines  in  operation), /a^^M^ 
line  of  laivest  first  cost. 

2.  When  immunity  from  financial  embarrassment  is  assured, 
take  the  line  which  offers  the  most  promising  conditions  for  future 
gro7vth  of  traffic. 

3.  Only  when  the  two  lines  are  substantially  equal  in  both  these 
respects  enter  into  such  minute  calculations  as  these  just  sug- 
gested, and  whichever  line  be  selected  no  serious  harm  can  then 
result. 

744.  Having  determined  the  justifiable  expenditure  to  obtain 
low  grades,  we  have  only  taken  the  first  step  toward  their  proper 
adjustment.  Some  of  the  worst  sacrifices  of  gradients  are  made 
without  effecting  any  saving  of  cost  whatever,  simply  from  inat- 
tention to  its  importance,  or  from  attaching  exaggerated  impor- 
tance to  losses  of  distance  or  curvature,  or  from  insufficient  study 
of  the  topography,  leading  to  a  too  hasty  conclusion  that  all  has 
been  done  which  can  be  done,  when  in  fact  a  very  little  study 
would  lead  to  far  better  results.* 

*  It  is  an  invidious  and  unpleasant  thing  to  say,  but  the  importance  of  the 
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This  question  of  how  to  get  the  lowest  grade  which  the  region 
admits  of,  at  a  given  cost,  is  discussed  in  Part  V.  and  Appendix  C. 
The  four  following  sub-departments  of  the  general  problem  of 
gradients  yet  remain  to  be  considered: 

1.  The  use  of  assistant  engines  with  high  ''bunched'*  g^des. 

2.  The  balance  of  grades  for  unequal  traffic. 

3.  Limiting  curvature,  and  the  proper  compensation  therefor. 

4.  Tlie  limit  of  maximum  curvature. 

These  questions  we  will  consider  in  their  order. 

caution  thereby  conveyed  seems, to  justify  saying  it:  Out  of  a  hundred  men 
putting  a  line  through  either  easy  or  diflScult  country,  but  especially  tknmgk  easy 
country,  the  writer's  observation  is  that  all  but  four  or  five  of  them  will  adopt 
rates  of  grade  from  ten  to  fifty  or  even  a  hundred  per  cent  higher  than  the  other 
five  will  obtain  at  the  same  cost;  and  the  same  holds  true  as  to  amount  of  curva- 
ture. 
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CHAPTER  XVI. 

ASSISTANT     ENGINES. 

745.  The  general  use  of  assistant  engines,  commonly  called 
PUSHERS,  is  a  comparatively  modern  innovation.  So  recently  as 
1873,  Gen.  Herman  Haupt,*  in  a  paper  on  gradients,  felt  com- 
pelled to  say  that  he  was  making  "an  attempt  to  prove,  contrary 
to  the  generally  received  opinion,"  that  undulating  gradients 
below  the  limits  of  the  maximum  do  not  necessarily  increase  ex- 
penses materially,  and  "that  the  use  of  higher  gradients  for  part 
of  a  given  distance  will  often  result  in  greater  economy  of  opera- 
tion than  a  lower  and  uniform  gradient  for  the  whole  distance.'* 

This  statement  has  now  become  a  truism.  Driven  to  econ- 
omy by  the  necessities  of  competition,  the  use  of  assistant  en- 
gines, even  on  lines  ill  adapted  to  their  most  advantageous  use, 
has  become  very  general  in  recent  years  and  is  constantly  ex- 
tending, although  they  are  even  yet  not  used  on  more  than  a 
proportion  of  the  lines  which  might  use  them  with  advantage 
and  economy,  so  that  their  use  is  one  of  the  most  hopeful  direc- 
tions in  which  further  economy  may  be  sought,  especially  on 
low-grade  lines,  where  the  trains  hauled  even  by  one  engine  are 
of  fairly  profitable  length,  but  might  be  readily  increased  by 
help  at  a  few  points. 

What  has  been  accomplished,  however,  is  that  whereas  assist- 
ant engines  were  formerly  used  only  in  exceptional  instances  on 
very  heavy  grades,  their  use  has  now  multiplied  many-fold,  and 
the  expediency  of  using  them  when  possible,  even  at  quite  fre- 
quent intervals,  is  universally  admitted  by  skilled  railway  oflS- 
cers.  Some  of  our  earliest  and  greatest  engineers,  as  notably 
the  engineers  of  the  Baltimore  &  Ohio,  Pennsylvania,  and  Erie 
railways,  distinctly  contemplated  the  use  of  pushers  and  adapted 

*  See  Railroad  Gaze/te,  July  5,  1873. 
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their  lines  thereto;  no  doubt  in  part  because  of  the  topo- 
graphical conditions  in  passing  the  Alleghanies,  but  in  part  also 
because  of  the  singular  foresight  and  sagacity  which  the  great 
engineers  who  laid  out  those  lines  showed  in  many  ways.  But 
these  precedents  have  not  been  generally  recognized  as  estab- 
lishing a  general  principle  until  very  recently,  nor  can  it  be  said 
to  be  yet  established  as  fully  as  it  should  be. 

746.  The  presumption  is  strong  in  laying  out  every  line,  that 
advantage  can  be  derived  from  laying  out  the  grades  for  the 
use  of  assistant  engines,  because  of  the  fact  that  topographical 
conditions  always  require  more  or  less  irregularity  of  gradients. 
The  usual  law  is  that  the  grades  will  be  for  long  distances  very 
low  and  easy,  or  can  be  made  so  at  slight  cost,  but  that  for 
much  shorter  distances  much  higher  gradients  will  be  unavoid- 
able. By  adapting  the  line  to  the  use  of  assistant  engines  on 
these  higher  grades  we  are  enabled  to  utilize  the  full  advantage 
of  the  lower  grades,  by  making  up  our  trains  to  correspond  to 
them,  so  that  long  trains  can  be  handled  over  the  entire  line  by  a 
single  crew,  without  breaking  it  up  into  sections,  and  the  full 
power  of  the  motive-power  actually  in  use  at  all  points  on  the 
line  be  more  nearly  utilized. 

747.  The  adoption  of  the  opposite  policy,  attempting  to  get  a 
line  of  a  low  uniform  gradient  through  a  country  of  any  diffi- 
culty whatever,  is  very  apt  to  be  enormously  expensive,  and  to 
be  possible  at  all  only  by  frequent  undulations,  considerable  de- 
tours, and  much  higher  gradients  over  most  of  the  line  than 
than  there  is  any  necessity  for  using.  This  results  from  the  fact 
that  it  sets  at  defiance  one  of  the  broadest  and  most  nearly 
universal  laws  of  physical  geography, — to  which  there  are  few 
and  rare  exceptions  on  the  whole  face  of  the  globe, — that  long 
stretches  of  easy  plains  or  gently  sloping  valleys  penetrate  at 
intervals  to  and  into  the  very  heart  of  even  the  roughest  regions, 
leaving  short  sections  only  over  which  high  gradients  are  un- 
avoidable. By  following  these  easy  routes  as  long  as  we  can  we 
accomplish  over  most  of  our  line  three  desirable  ends  at  once: 

1.  We  get  the  cheapest  line. 

2.  We  get  the  lowest  through  grades ;  and, 
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3.  More  than  all  else,  we  concentrate  the  resistances  into 
the  remaining  more  difficult  section,  so  that  the  motive-power  on 
it  can  be  accurately  adapted  to  the  work  required  and  kept  fully 
at  work  over  the  distance  where  it  is  used,  thus  making  it  almost 


Fig.  X75. 


SQQ  miims 


Table  181. 

Comparative  Work  accomplished  by  an  Engine  in  running  100  Miles 
FROM  A' to  K,  Fig.  175.  and  making  a  Rise  of  2640  Feet  thereon  over 
THE  Various  Grades  shown. 


Line, 
Fig.  175. 


B 


D 


Distance 

Grade  p.c. 

Net 

Miles. 

Grade  p.c. 

Load. 
Tons. 

100 

0  5 

II47 

.      50 
50 

Level. 

2675 

I.O 

711 

66f 
33i 

Level. 

2675 

1-5 

504 

.     75 
25 

Level. 

2675 

2  0 

383 

80 
\    20 

Level. 

2675 

2.5 

304 

Toul  Ton-Miles 
Hauled  by  one  Trip 
of  Through  Engine. 


114.700 


^    195.200 
[   210,175 


178.400 

16.800 

200,600 

9-575 
214.000 


Toul  Rngine- 

Miles  to  Haul 

9675  Tons  100 

Miles. 


Per  Cent 
of  Effici- 
ency. 


100. 0 

102. 1 

104.7 
106.4 
109.9 


The  fifth  column  indicates  that  a  single  through  engine,  which  drops  cars  to  corre- 
spond to  its  hauling  capacity  at  the  foot  of  the  grades  B,  C,  D,  E,  ¥\g.  175,  will  make 
vastly  more  ton-miles  on  the  high  grades  than  the  low.  This,  however,  is  unfair.  The 
true  test  is  :  How  much  motive-power  will  it  take  to  carry  a  whole  train-load,  or  a  thou- 
sand train-loads,  through,  the  typical  train  weighing  by  assumption  above  2675  tons.  The 
two  last  columns  show  that,  from  this  more  correct  point  of  view,  there  is  a  certain  dis- 
advantage in  the  higher  gra(;)es,  but  a  most  trifling  one,  so  long  as  the  resistances  an 
concentrated,  so  that  engines  can  be  at  all  times  fully  loaded.  But  if  scattered,  so  that  it 
is  necessary  to  run  short  trains  from  X  to  Y,  because  of  the  occasional  steep  grades,  the 
disadvantage  becomes  enormous. 
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Fig.  X76. 


a  matter  of  indifference  what  rate  of  ascent  we  adopt  on  our 
more  difScult  sections — a  fact  which  powerfully  tends  to  still 
further  reduce  the  cost  of  construction  over  those  more  difficult 
sections.  Table  181  and  Fig.  175  illustrate  fully  how  and  why 
this  advantage  arises,  and  should  be  carefully  studied. 

748,  Even  where  we  are  unable  for  any  reason  to  follow  the 
valley  lines  which  usually  penetrate  far  into  hilly  or  mountainous 
regions,  as  for  instance  when  the  valleys  are  impracticable, or  are 
less  practicable  than  the  ridges,  it  is  still  true  that  pusher  g^di- 
cnts  will  almost  invariably  fit  the  country  better.     The  all  but 

universal  law  of  topography 
B'^^^"--^  is  that,  when  the  ground  is 

not  a  dead  level,  transitions 
from  one  level  to  another, 
whether  on  a  large  scale  or  on 
a  small  scale,  are  of  the  form 
shown  in  Figs.  176  and  177.  If  on  a  small  scale,  we  may  simply 
adopt  the  dotted  profile  AB,  and  make  the  fill  at  C  or  cut  at  B,  If 
on  a  larger  scale,  say  for  a  total  rise  of  50  or  60  or  80  feet,  it  be- 
comes impossible  to  do  this,  especially  if  the  necessity  occurs  at 
tnany  points,  and  we  are  reduced  to  adopting  the  profile  ACB^ 
making  BC  the  ruling  grade  of  the  line,  or  else  to  one  of  the  two 
expedients  shown  in  plan  in  Fig.  177 — either  to  run  right  over 

the  obstruction  with  almost  a 
tangent  line,  giving  the  dotted 
profile  AB^  in  Fig.  178,  or  to 
sacrifice  curvature  and  dis- 
tance and  obtain  the  full-line 
profile.  The  first  has  been 
done  to  a  most  unfortunate 
extent  in  the  prairie-lines  of 
the  West ;  the  last  is  almost 
always  the  proper  course,  if  it 
saves  an  increase  of  ruling 
grade,  even  when  necessary  at 
Fig.  178.  A     many  points  on  the  line. 

749i  But  when  the  rise  to  be  overcome  becomes  more  consid* 
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erable,  as  100  or  200  feet,  even  this  course  is  rarely  convenient. 
To  obtain  an  equivalent  for  the  full  line  AB,  Fig.  177,  we  are 
then  compelled,  usually,  to  adopt  a  costly  line  hanging  upon  the 
slopes  of  such  supporting  ground  as  can  be  had  in  order  to  ob- 
tain the  dotted  profile  AB,  Fig.  176,  or  the  solid-line  profile  ABj 
Fig.  178.  When  we  have  got  it — assuming  that  we  can  and  do 
get  it — we  have  even  then,  in  all  probability,  been  compelled  to 
use  a  higher  grade  than  it  is  at  all  necessary  to  use  on  the  re- 
maining and  easier  portions  of  the  line.  If  so,  we  have  not  only 
spent  a  great  deal  of  money  where  we  have  difficulties,  but  have 
injured  our  line  where  we  have  no  difficulties. 

750.  The  alternative  is  to  treat  the  difficult  ground  as  a  sep* 
arate  feature  ;  to  maintain  the  lowest  grades  we  can,  on  the 
ground  where  we  have  no  difficulties ;  to  push  these  low  grades 
as  far  as  possible  to  some  point  C,  Fig.  176^  as  near  as  may  be  to 
the  rise;  and  then  to  adopt  some  entirely  different  and  much 
higher  grade  BC,  conforming  as  closely  as  possible  to  the  natu- 
ral surface,  with  a  view  of  using  auxiliary  power  or  "pushers" 
on  it,  thus  not  only  saving  our  money  on  the  parts  of  the  line 
which  are  naturally  most  costly,  but  retaining  all  our  natural 
advantages  elsewhere  which  cost  us  nothing. 

751.  In  other  words,  the  secret  of  the  vast  economies  which 
may  often  be  realized  by  the  skilful  use  of  assistant  engines  is 
this — that  as  respects  construction  we  work  with  Nature  instead 
of  against  her,  and  that  as  respects  operation  we  gain  a  like  ad- 
vantage by  keeping  every  engine  while  running  fully  at  work, 
the  greater  portion  of  the  iiard  work  in  foot-pounds  being  done 
on  a  small  portion  of  the  division,  with  such  favorable  through 
grades,  in  many  cases,  that  there  is  little  more  need  for  an  en- 
gine on  the  remainder  of  it,  than  to  keep  the  longest  trains 
moving  and  under  control.  It  is  a  truth  of  the  first  impor- 
tance, that  the  objection  to  high  gradients  is  not  the  work  which 
engines  have  to  do  on  them  (see  Table  181),  but  it  is  the  work 
which  they  do  not  do  when  they  are  thundering  over  the  track 
with  a  light  train  behind  them,  from  end  to  end  of  a  divi- 
sion, in  order  that  the  needed  power  may  be  at  hand  at  a  few 
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scattered  points  where  alone  it  is  needed.  But  if  we  may  give 
this  additional  motive-power  its  work  to  do  once  for  all,  and 
have  done  with  it,  high  summits  cost  very  little,  and  an  increase 
of  the  rate  of  grade  costs,  practically,  nothing  whatever.  At  the 
points  of  greatest  difficulty  we  are  independent  of  the  rate  of 
ascent  and  in  a  great  degree  of  the  elevation  attained,  and  are 
therefore  at  liberty  to  concentrate  our  efforts  and  expenditure  on 
the  more  tractable  portions  of  the  line,  where  a  few  feet  per 
mile  reduction  in  grade  (see  Table  170  and  Fig.  169)  may  be  of 
enormous  value. 

752.  In  this  way  it  is  in  every  way  practicable  to  secure  lines 
over  tolerably  high  summits  and  through  difficult  country  which 
shall  approximate  closely  in  operating  value  to  the  most  favor- 
able existing  examples  of  low-grade  lines.  On  the  other  hand, 
BY  SEEKING  FOR  WHAT  WE  DO  NOT  REQUIRE,  by  defying  the  ob- 
stacles of  nature  aiKl  forcing  them  to  conform  throughout  to  the 
Procrustean  standard  of  a  uniform  ruling  gradient,  we  shall 
enormously  increase  the  cost  of  construction,  and  in  the  end  find 
that  we  have  a  far  more  costly  line  to  operate  than  if  we  had 
"stooped  to  conquer"  by  boldly  conforming  to  the  topographical 
conditions  and  then  skilfully  forcing  them  to  serve  our  purpjose. 
This  goes  so  far  that  it  is  true  policy  in  very  many  instances  in 
difficult  country  to  make  boldly  for  the  "meeting  of  the  waters" 
at  the  summit,  even  at  the  cost  of  a  higher  summit,  rather  than 
to  zigzag  up  and  down  and  from  side  to  side  in  a  costly  effort  to 
avoid  a  continuous  succession  of  transverse  valleys  and  other 
petty  obstacles,  each  of  which  has  us  at  great  disadvantage. 

753.  The  advantages  of  the  use  of  pusher  grades  are  not  at  all 
confined  to  high  grades,  but  on  the  contrary  are  even  greater 
proportionately  for  low  grades,  provided  only  that  there  be 
business  enough  to  fill  up  the  trains,  and  couplings  good  enough 
to  permit  of  handling  long  trains.  On  roads  of  light  and  irregu- 
lar traffic  there  may  be  no  great  advantage  in  them;  but  many 
roads  having  large  traffic,  which  must  be  hauled  cheaply  because 
it  pays  little,  are  habitually  using  pushers  on  gradients  as  low  as 
0.5  to  0.6  per  cent.     For  example,  freight  pushers  are  used  on  the 


CHAP,  XVL^ASSISTANT  ENGINES— POWER  OF. 


591 


Hudson  River  Railroad,  nearly  95  per  cent  of  which  is  a  dead 
level,  and  the  remainder  over  summits  a  few  feet  high  on  0.4  to 
0.5  grades. 

THE  POWER  OF  ASSISTANT  ENGINES. 

754i  By  the  use  of  assistant  engines  the  available  motive-power  is  ap- 
proximately doubled  or  trebled ;  and  it  is  evident  that  economy  in  motive- 
power  requires  that  the  rates  of  these  grades  should  be  proportioned  to 
each  other  as  nearly  as  possible,  in  order  that  neither  grade  may  be  dis- 
portionately  low,  but  that  the  true  ruling  grade  maybe — not  necessarily 
either  the  higher  (pusher)  grade  or  the  lower  grade,  but  that  one  which 
involves  most  difficulty  and  expense  in  reduction. 

With  certain  provisos  which  we  will  shortly  consider,  the  determina- 
tion of  a  practically  exact  balance  of  gradients  for  the  use  of  one  or  more 
assistant  engines  is  a  simple  matter.  If  the  assistant  engine  be  of  the 
same  weight  as  the  through  engine,  the  load  to  be  hauled  by  each  en- 
gine is  reduced  one  half.  If  there  be  two  pushers,  the  load  to  be  hauled 
by  each  engine  is  reduced  to  one  third  of  what  it  was.  If  the  pusher 
have,  say,  10  or  20  per  cent  more  tractive  power  than  the  through  engine, 
the  train  is  in  effect  cut  into  two  unequal  parts,  that  remaining  to  the 

through  engme  bemg  ^  ^  ^  ^  ^ -.  or  ,  q^  ,  ^>  »e.,  47-6  or  45.5  per  cent 

of  the  original  weight  of  the  train  behind  tender.  The  g^de  on  which 
the  through  engine  can  haul  that  per  cent  of  its  load  on  a  given  through 
grade  will  therefore  be  the  corresponding  pusher  grade  for  pusher  en- 
gines of  such  weight. 

755.  By  the  aid  of  the  long  Table  170,  the  process  of  determining 
such  pusher  grades  for  any  through  grade  is  made  one  of  mere  inspec- 
tion, as  practical  convenience  requires.  For  example,  to  determine  the 
pusher  grades  corresponding  to  through  grades  of  0.5  per  cent,  we  have — 


Net  load  behind  tender,  on  0.5  grade... . . 

Half  of  which  is 

Corresponding  pusher  grades , 

|4  of  load,  for  pushers  10  p.  c.  heavier,  is 

Corresponding  pusher  grades 

44  of  load,  for  pushers  20  p.  c.  heavier,  is 

Corresponding  pusher  grades 

4  of  load,  for  2  pushers  of  equal  weight. . 
Corresponding  pusher  grades 


Light 
American. 


504  tons. 

252     •' 
1.24  per  cent. 

241  tons. 
1.31  per  cent. 

229  tons. 
1.38  per  cent. 

168  tons. 
1.87  per  cent. 


Average 
Consolidation. 


1 147  tons. 

573i  *• 
1 .  30  per  cent. 

550  tons. 
1.36  per  cent. 

522  tons. 
1.44  per  cent. 

382  tons. 
2.00  per  cent. 
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From  these  examples  it  will  be  seen  that  differences  in  type  of  en- 
gine make  no  considerable  difference  in  the  balance  of  grades,  and  we 
shall  hereafter  consider  the  average  Consolidation  type  only. 

756i  If  the  pusher  were  a  tank  engine  having  no  tender,  it  in  effect 
adds  the  weight  of  the  tender  to  the  train  hauled  by  the  pusher ;  so  that 
to  make  the  preceding  calculation  we  should  first  have  to  subtract  the 
weight  of  tender  thus  saved  from  the  total  weight  of  train,  and  then  di- 
vide the  remainder  only  between  the  through  and  pusher  engines,  in  the 
above  proportion,  which  would  increase  the  rate  of  the  admissible 
pusher  grades  materially. 

In  this  manner  Table  182  was  computed,  which  gives  the  proper  bal- 
ance of  grades  for  an  ordinary  Consolidation,  or  practically  for  any  other 
engine,  except  tank  engines,  which  are  separately  noted. 

757.  The  requirements  of  the  passenger  service  naturally  favor  the 
adoption  of  higher  through  grades  rather  than  pusher  grades,  since  un- 
dulating gradients,  however  steep,  have  little  effect  to  impede  hauling 
any  trains  ordinarily  desired,  when  the  rise  on  a  single  grade  is  not  great. 
Owing  to  the  decrease  of  train  resistance  at  slow  speeds  (Table  166) 
and  the  simultaneous  increase  in  the  tractive  power  of  the  cylinders,  the 
limit  at  which  a  high  and  long  grade  can  certainly  be  operated  without 
a  pusher  is  still  further  increased.  The  ultimate  limit  for  the  operation 
of  a  pusher  grade  by  a  single  engine  in  passenger  service,  beyond  which 
pushers  must  be  used  for  passenger  as  well  as  freight  trains,  may  be  de- 
termined as  follows : 

The  most  that  would  be  demanded  of  an  ordinary  17  x  24  passenger 
engine,  weighing  with  tender  56  tons,  more  or  less,  such  as  is  assumed 
in  the  table  of  train  resistance  (Table  166),  is  that  it  should  haul — as  an 
average  of  a  whole  division  and  every  day  in  the  year,  and  not  for  excep- 
tional performances, — 

4  cars,  or  168  tons,  8  cars,  or  280  tons,  12  cars,  or  392  tons, 
gross  weight  of  train.  gross  weight  of  train.  gross  weight  of  train. 
At  60  miles  per  hour  maxi-  At  50  miles  per  hour  maxi-  At  35  miles  per  hour  maxi- 
mum speed  on  a  level.  mum  speed  on  a  level.  mum  speed  on  a  leveL 

758.  Now  the  tractive  power  which  such  an  engine  is  capable  of  exert- 
ing in  every-day  practice  at  freight  speeds  of  15  miles  per  hour  would  be 
nearly  if  not  quite  10,000  lbs.,  there  being  from  40.000  to  44,000  lbs.  on 
the  drivers.  Therefore  the  engine  will  be  capable  of  exerting  a  maxi- 
mum tractive  force  on  these  trains,  at  freight  speeds  of  about  15  miles 
per  hour  of  10,000  lbs.  -1-  the  weight  in  tons,  or 

59.S  lbs.  per  ton,  35.7  lbs.  per  ton,  25.5  lbs.  per  ton. 


CHAP,  XVI.— ASSISTANT  ENGINES— POWER  OF. 


593 


Table  182. 
Balance  of  Grades  for  the  Use  of  Assistant  Engines. 

[Correct  within  an  unimportant  percentage  for  all  classes  of  engines  and  conditions  of 
service,  the  through  and  pusher  engines  having  the  same  weight  and  tractive  power.] 


Net  Load 

Gradb  up  which  thb  samb  Train 

CAN  BB  HaULBD 

Through-Grade 

(Tons) 

BY  THB  Aid  op- 

WORKBD 

for  Average 
Consolidation. 

BY  ONB   BnGINB. 

One  Pusher. 

Two  Pushers. 

Three  Pushers. 

Level. 

2675 

.38 

.74 

1.08 

.05 

2370 

.47 

.87 

1.25 

.16 

2125 

.57 

1. 00 

1.41 

.15 

1936 

.66 

1. 13 

1.57 

.20 

1758 

.75 

1.26 

1-74 

.25 

1618 

.84 

1.39 

1.89 

.30 

1496 

•94 

1.52 

2.05 

.35 

1392 

1.03 

1.64 

2.20 

.40 

1300 

1. 12 

1.76 

2.35 

.45 

1220  — 

1. 21 

1.88 

2.49 

•50 

II47 

1.30 

2.01 

2.64 

.60 

1025 

I  47 

2.24 

2.92 

.70 

925 

1.65 

2.47 

3.20 

.80 

842 

1.82 

2.69 

3.45 

.90 

771 

1.99 

2.91 

3.70 

1. 00 

7" 

2.16 

3.13 

3.95 

1. 10 

658 

2.32 

3.33 

4.20 

1.20 

612 

2.48 

3-55 

4.4a 

1.30 

572 

2.64 

3.73 

4.65 

1.40 

536 

2.81 

3.93 

4.87 

1.50 

504 

2.96 

4.13 

5.07 

1.60 

475 

3.13 

4.32 

5.27 

1.80 

425 

3-43 

4.68 

5.68 

2.00 

383 

3.72 

5.03 

6.04 

2.20 

348 

4.01 

5.35 

6.40 

2  40 

318 

4.30 

5.67 

6.73 

2.60 

292 

4-57 

6.00 

7.05 

2.80 

269 

4.86 

6.30 

7.34 

3  00 

249 

5.10 

6.58 

7.63 

If  we  assume  \  instead  of  \  adhesion^  we  simply  reduce  the  tractive  power  of  an 
average  Consolidation  (Table  170)  from  10  tons  to  8  tons.  The  ratio  of  the  0R088 
weights  of  trams  on  various  grades  remains  unchanged,  and  the  ratio  of  the  weight 
behind  tender  would  remain  so  likewise  if  the  gross  weight  of  engine  were  reduced  one 
fifth,  or  by  15  tons.  As  it  is  not,  the  column  headed  8.0  tons  tractive  power  in  Table  170 
should  be  II  tons  greater  to  give  the  net  loads,  and  we  find  the  pusher  grades  to 
38 
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If  we  allow  8  lbs.  per  ton  for  tractive  friction,  and  divide  the  remainder, 
which  is  admissible  as  grade  resistance,  by  20  (par.  682),  we  have  as  the 
grades  on  which  these  passenger  trains  can  be  handled,  by  reducing 
speed  to  1 5  miles  per  hour, 

2.57  per  cent,  z.  jS  per  cent,  .875  per  cent. 

On  any  grade  up  to  these  limits,  the  trains  which  such  an  engine 
lan  be  expected  to  handle  in  every-day  practice  will  be  readily  handled 
it  the  lower  speed  of  15  miles  per  hour,  if  it  is  possible  to  stand  the  loss 
of  time  thereby.  When  Mogul  or  ten-wheel  engines  are  used,  as  they 
usually  would  have  to  be  for  regular  trains  so  long  as  12  cars,  the  limits 
will  be  considerably  higher ;  so  that  we  may  say  in  a  general  way,  that 
grades  up  to  i\,  or  i^,  or  even  2  per  cent,  are  not  a  serious  obstruction  to 
light  passenger  business,  except  in  loss  of  time.  If  pushers  are  used 
below  the  limits  indicated,  it  is  only  for  urgent  necessity  to  keep  up 
speed,  as  on  fast  through  expresses. 

759i  The  loss  of  time  involved  in  such  checking  of  passenger  speed 
is  much  less  than  is  sometimes  hastily  imagined.  Table  183  gives  its 
exact  limits,  from  which  it  will  be  seen  that  a  reduction  of  speed  from 
40  to  20  miles  per  hour,  for  example,  loses  but  \\  minutes  per  mile,  or  15 
minutes  on  an  incline  10  miles  long.     As  the  speed  is  higher  the  loss  of 

4 — Pusher  grades  for  adhesion  of — » 
Through  grade  for  one  engine.  x-4.  1-5.  Difference. 

Level 0.38  0.37  o.oi 

i.o 2.z6  a. 08  0.08 

20 3.72  3.52  0.90 

Z'O.... 5.10  4.75  0.3s 

A  lower  roUtng-frictton  than  8  lbs.  reduces  the  rate  of  pusher  grades  about  0.08  per 
cent  on  a  level  gjade,  decreasing  to  0.04  at  a  2  per  cent  grade. 

For  assistant  engines  heavier  than  the  through  engines ^  add  the  following  to  the 
above  grades  : 


Through  Gradb. 


Level 
1. 00. 
1.50. 
2.00.. 


One  Assistant  Bnginb 
heavier  by— 


10  p.  C. 


.07 
.10 

.12 


20  p.  c. 


.07 
.14 

.20* 

.24 


30  P-  c. 


.II 

.22 

.31 

.37 


Two  Assistant  Encinbs 

HEAVIER  BY— 


xo  p.  c. 


.07 

.13 
.17 

.20 


20  p.  c. 


.14 
.26 

.34 

.40 


30  p.  c 


.22 

•39 

.51 

.60 


It  is  rarely  proper  to  assume  that  the  assistant  engines  will  be  of  greater  power  than 
the  through  engines.  Two  pushers  can  only  be  assumed  to  be  used  with  a  laige  traffic 
of  very  heavy  grades,  and  three  pushers  only  with  the  very  largest  traffic 


CHAP.  XVI.— ASSISTANT  ENGINES— POWER  OF.  S95 

time  becomes  very  much  less,  while  the  gain  of  power  becomes  very 
much  greater — a  condition  whicli  goes  far  to  justify  counting  on  this  re- 
source for  all  classes  of  passenger  trains,  within  reasonable  limits. 

Table  183. 
Loss  op  Tius  IN  Minutes  Peh  Mile  due  to  a  Deckease  of  Speed  op 

The  table  givEi  the  losi  oF  lime  per  mile  in  minutes  per  mile  in  the  column  headed  bjr 
the  tiven  MigMtr  speed  opposite  the  given  lower  speed  to  which  the  speed  a  di 


It  Kill  be  seen  that  the  amount  of 
ia  Jess  than  by  very  slight  reductions  < 
train  resistance  is  very  much  greater  at  high  speeds. 

The  fast  Nevr  YorL  Central  Limited  Express,  which  ntakes  the  nin  o(  970  milei 
bctwHn  New  YorL  and  Chicago  in  I4h.  5m.,  with  only  eight  re^lar  stops,  notie  of  them 
Itn  meals,  loses  5;  minutes  in  these  stops  alone.  Including  all  slowing  up  through  towns 
and  yards,  slops  ai  crossinfjs,  eic,  not  less  Ihan  3  hours  o(  the  24  arc  lost  in  this  way,  or 
about  0.1  minutes  per  mile,  equivalent  to  an  average  reduction  of  j  miles  per  hour  in  speed. 
With  most  fast  trains  the  loss  would  be  more  Ihan  double  this. 

760.  On  the  Neiv  York,  Uke  Erie  &  Western  Railroad,  having  several  long 
maximum  grades  of  60  feel  per  mile  (l.  14  per  cent),  passenger  pushera  are  uied 
only  bf  the  very  heavy  through  express  trains.  At  Alloona,  on  Ihe  Pennsylva- 
nia Railroad,  at  (he  foot  of  the  g;-(t.  grade  (1.61  per  cent),  pushers  are  used  lor 
nearly  all  passenger  trains,  but  nearly  all  are  heavy  trains.  The  locai  accom- 
mcxlation  trains,  consisting  of  4  to  6  ordinary  day  coaches  and  baggage  cars, 
Dse  no  pushers.  About  30  miles  per  hour  is  made  by  the  passenger  Iraint 
using  pushers  up  the  mounuins.  Except  tor  the  requirement  of  making  this 
speed,  many  of  the  passenger  trains  could  dispense  with  pushers,  although  Ifae 
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heavier  through  expresses,  consisting  of  6  to  8  cars,  each  averaging  over  25 
tons,  would  find  difficulty  in  ascending  the  mountain  without  an  assistant  eo- 
gine  even  at  very  slow  speed. 

On  the  Middle  Division,  having  very  easy  grades,  not  over  16  ft.  per  mile 
at  any  point,  as  many  as  12  heavy  cars,  but  not  more,  are  hauled  by  a  single 
passenger  engine,  making,  however,  even  with  this  train,  high  average  speeds. 
Similar  trains  are  hauled  over  the  New  York  Central  road  for  the  entire  dis- 
tance from  New  York  to  Buffalo,  except  that  a  pusher  is  used  for  the  grade  of 
about  1.5  per  cent  at  Albany. 

761.  Except  within  the  limits  above  noted,  passenger  trains  as  well 
as  freight  must  be  assumed  to  require  pushers.  The  more  certain  it  is 
that  high  speed  will  be  required  at  all  points,  the  mote  likely  they  are 
to  be  required  ;  and  wherever  it  appears  likely  that  the  passenger  traffic 
will  be  important  and  competitive,  it  may,  for  a  moderately  prosperous 
road,  be  giving  no  more  than  due  weight  to  the  great  and  permanent 
value  of  easy  gradients  to  assume  that  all  trains,  both  passenger  and 
freight,  will  probably  require  helping  engines,  especially  as  the  tendency 
to  increase  the  weight  of  passenger  trains  and  cars  is  strong. 

The  assumption  made  as  to  passenger  helpers  will  make  a  consider- 
able difference  in  a  comparison  of  gradients ;  for  if  they  be  assumed  to 
be  used,  the  advantajje  of  pusher  gradients  over  moderately  favorable 
tiirough  gradients  will  be  much  less;  while  if  they  be  not  assumed,  the 
disadvantage  for  passenger  service  of  the  higher  rates  of  grade  can  hardly 
be  estimated  at  any  considerable  figure. 

762.  In  laying  out  pusher  grades,  the  effect  of  fluctuations  in  the 
velocity  of  trains  to  modify  the  apparent  relation  of  the  grades  to  each 
other  must  be  carefully  kept  in  mind.  The  effect  of  these  differences 
(fully  considered  in  Chap.  IX.,  par.  397  et  seq,)  will  usually  be  that  the 
apparent  maximum  of  the  lower  (single  engine)  grades  will  be  higher 
than  it  really  is,  while  the  actual  maximum  of  the  higher  (pusher)  grades 
will  be  greater  than  the  profile  shows,  so  that  the  latter  will  need  to  be 
reduced  lower  than  an  apparent  balance  requires  in  order  to  give  a  true 
balance.  On  long  steep  ascents  slight  sags  in  the  grade-line  may  be  per- 
missible (par.  414  et  seq.),  but  otherwise  no  excess  of  momentum  can  be 
relied  on  to  carry  trains  over  any  increase  whatever  above  the  normal 
rate;  while  any  stop  on  the  grade,  if  the  latter  be  long,  will  increase  its 
limiting  effect  far  above  the  apparent  maximum,  unless  care  has  been 
used  to  ease  the  grades  for  all  stops  which  can  possibly  be  required. 
Even  if  this  has  been  done,  there  are  always  likely  to  be  occasional  irreg- 
ular stops,  and  the  occasional  operating  inconvenience  therefrom  will  be 
allowed  far  more  than  its  true  weight  in  cutting  down  trains. 
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763-  On  the  other  hand,  the  lower  thr'/u^li  k'''"^*'  ^'^  v*** y  i  iMiiihniil^ 
be  cut  up  into  such  short  stfMMf.s  th^*?  ii,'/ri»#:f»»iir„  w»ll,  */»  iniiy  In  iii,tilit 
lo,  reduce  its  apparent  r^tT  very  fi,ary/i;ii,/,  ;i^';  i/mi  if   not,  MiMiliMiMt' 
improvements  in  the  future  "kui  'A\f,'..  \iUi*"  t/,  ;#////roj/ii»l/  ihin      Mmii 
ovcrjt  is  a-ways  con:para:.ve  y -5*».7  v>  .■'.r*:v'>:  ;•/,';  y^i^t*i  Mf^uiMfti  Iiimh 
ing  effects  :>'-=:  R-ps. 

True  cc'-r:r:i>  »: :  oHirjir.Iy  *: 'AiV:  •.'.•"•-S'-:  *'.^»  u^f'  ypt-.iiyi  Aii\  ^ 

ON   THE   ?V-H-i    '-i*IL   -h",  V-.'-    fefc     >;     ;*>,;      ; !".»     i^i'l*    'I- Ml     I  »ii>( 
THAN  .4>   K??'.iL.''~    l€.l.*>  -n.   rK'^\:'rK       '   *//-♦  '.;•//>   ^^  /^V^ /iiM    i  ii«l 

^:*T*cnt  bcyo;.-':  •_--•-.-'-.'.  t*.  -.f'-*rr  --«v^' •.  ->'  '->  'i*'>  v-  •»*«  l>mii 
isrough  grade  sn-..  :  :^  '*^^j-.*r.  v.  <-  '*-^./r ^-^^  '/^r  '  •  ,-,  U'.miiIIi 
tnore  at  the  cost  of  'Jir*  iL«r:  Tir.r*^  ,,  i^'^/  >  "  ^  WW*,  -  *  ^  t\\  t  ^\%  \\\ 
which  an  apparent  tfe-i.-'-*  -•r.-.'-r.       i    Kr.\r^'^  -t-^  w  ^    /,  ,nt\  ^o  n 

cral  principle,  that  IK  ..■:^  r.  <  .';«.'  it-.^r  ?,•'/•  -  r«  '.  ■ //•  /^/iitdd 
nor  exactly  foresee ici'j^,!  >:  :i^  M"iui.^^  <rf,  '^j  .vx^  ^  ^/.^  t^t*t\^\\\ 
we  can  control  and  ca^  » -r^»5t. 

764.  Again,  the ;o«»r -^  - .      5       -.-.rr     -^  ^-.^^^      ^   ..".y,,...,i. 
ate  effect  of  gradienu  vr^js   ::^  _.^    ,.^ -.  .^    •^   .^    ,^  .^,    y>.  ,.  ...j, 
the  lower  must  be  the  r«^  ■'  :^     r  ^   ^      -     -  -^-       -     ^'     »/'  - 
sumed  (par.  623  and  \-^^,  ".    ,    m     ^     .-             s          ^.     /     .  .     . 
probably  from  2  to  4 'ib».  t^  _^  .^     ^  ^    ,       ^  ^ 

the  higher  grade  shoulc  >.  -  ^  -:..^,  .    ^  ,.         ,      . . . .     ^  .   ^ 

otherwise  indicate.  vher»  y-jnr^  ^^  ,  _  ^         _ 

765.   A  variation  in  \r^. 


affords  a  means  of 

dients.  should  such  be  *•»*-,, 

caution  in  original  locau^   * 

than  the  through  engin« 

would  be  preferable  to  ^»» 

steeper  rate  of  u^ade.   To-j 

objections:  ( 1)  The  tendeur* 
engines,  and  a  point  w;:  , 
increase  in  the  weight  of  ^ 
practicable  ;  (2)  U  impoitt. 
very  point  where  the  7^ 
gain  as  is  possible  in  S^ 
make  up  for  the  incquaSi^ 
of  gradients,  the  tendeney 
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too  high  for  a  correct  balance  with  the  lower  grades.  In  actual 
at  the  present  day,  it  will  be  found  that  pusher  engines  usually  are  a 
little  heavier  than  the  through  engines,  and  yet  that  the  pusher  grades 
are  no  higher  in  rate  than  Table  182  would  indicate,  the  excess  being 
used,  apparently,  for  the  preceding  and  following  reasons,  and  not  to 
provide  a  true  balance  under  normal  conditions. 

766.  If  the  rate  of  adnesion  be  low,  the  admissible  rates  for  the  higher 
gradients  is  very  materially  decreased,  as  shown  in  Table  183,  for  the 
reason  that  the  percentage  of  eflfect  lost  in  moving  the  engine  itself  is 
very  materially  greater.  As  on  many  days  in  the  year  the  ratio  of  adhe- 
sion is  unavoidably  low,  on  those  days  the  resulting  inconvenience  will 
be  confined  to  the  pusher  grade,  but  will  be  very  apt  to  lead  to  the  per- 
manent cutting  down  of  trains  on  botii  grades. 

The  consequences  of  any  unforeseen  breakdown  or  other  cause  of 
accident  or  delay  are  so  much  more  serious  on  heavy  grades  that  a  cer- 
tain excess  of  motive-power  is  naturally  sought  for  and  generally  obtained 
in  such  localities,  sometimes  at  the  expense  of  sound  economy. 

The  curvature  on  heavy  gradients  is  usually  very  much  more  severe. 
As  the  speed  is  also,  usually,  very  much  slower,  and  complete  stoppage 
from  lack  of  power  more  frequent,  it  appears  probable  (pars.  308,  335) 
that  the  curve  resistance  per  ton  is  higher,  and  hence  that  either  the  rate 
of  compensation  for  curvature  must  be  made  higher  on  high  pusher 
grades  or  a  lower  average  rate  of  grade  than  a  nominal  balance  requires 
be  adopted. 

THE  DUTY   OF   ASSISTANT   ENGINES. 

767.  Under  the  ordinary  exigencies  of  operation,  with  two  important 
exceptions,  below  noted  (par.  770  et  seq.),  pushing  or  assistant  engine 
service  must  be  rendered  by  separate  engines,  specially  detailed  for  that 
duty  and  available  for  no  other.  It  is  therefore  not  correct  to  assume 
that  the  pushing  service  will  cost  about  the  same  per  mile  run  as  for 
through  engines,  or  that  pushing  engines  will  make  the  same  annual 
mileage.  Rather,  the  safer  basis  is  to  assume  as  nearly  as  may  be  that  a 
certain  number  of  engines  must  be  maintained  for  that  service  alone,  at 
a  certain  cost  per  day  regardless  of  mileage  made,//»/J  the  extra  cost  due 
to  running  a  certain  number  of  miles,  whether  that  number  be  50  or  100 
or  more  miles  per  day. 

768.  As  a  general  and  safe  rule,  the  mileage  of  assistant  engines  may 
be  taken  at  100  miles  per  day  if  they  will  have  a  chance  to  run  it,  and  as 
at  least  equal  to,  if  not  considerably  in  excess  of,  the  mileage  of  ordinary 
through  engines.     As  much  as  130  miles  per  day  is  run  by  pushe**  ^n^:'-**-* 
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on  various  roads,  under  favorable  circumstances,  but  experience  does  not 
justify  an  assumption  that  more  than  this  is  practicable.  If,  therefore, 
the  estimated  traffic  will  require  150  miles  per  day  of  pusher  service,  the 
only  safe  basis  is  to  assume  that  two  engines  with  two  crews  will  be  re- 
quired, making  75  miles  per  day  each.  Theoretically,  one  engine  with 
two  crews  might  do  the  work,  but  practically,  if  the  duty  were  too  much 
for  one  engine  and  crew,  convenience  would  almost  certainly  require  and 
justify  keeping  two  engines  in  working  order  with  steam  up  for  at  least 
12  hours  per  day. 

When  the  pushing  service  to  be  performed  is  over  200  miles  per  day 
the  only  safe  basis  is  to  assume  one  engine  for  each.  100  miles,  or  frac* 
tion  thereof  over  fifty. 

769t  From  one  to  two  months  of  every  year  is  lost  by  engines  while 
m  shop  for  repairs  (see  Table  51),  which  reduces  the  apparent  mileage  per 
engine  per  year  (and  hence  per  day)  by  10  to  16  or  more  per  cent ;  but 
this  loss  need  not  be  considered  in  computing  the  number  of  engines  re- 
quired for  pushing  service  from  the  probable  mileage  to  be  run,  or  its 
cost,  since  the  cost  of  these  repairs  is  included  in  the  cost  of  the  miles 
actually  run,  and  the  engines  actually  detailed  to  pushing  service  can  and 
will  be  always  in  working  order. 

The  exceptions  to  which  the  preceding  general  rules  do  not  apply  are 
these : 

770.  I.  When  traffic  is  very  light,  pusher  grades,  if  not  too  long,  may 
be  operated  by  cutting  trains  in  two,  leaving  half  the  train  at  the  bottom 
of  the  grade,  placing  half  of  it  on  a  siding  at  the  top,  returning  for  the 
other  half,  which  is  preferably  pushed  up,  and  then  proceeding,  after 
coupling  up,  with  the  entire  train  once  more. 

This  is  done  to  only  a  limited  extent  as  a  regular  practice,  although  it  is  a 
resort  in  emergencies  on  nearly  all  roads.  It  might  well  be  done  to  a  much 
greater  extent  than  it  is, if  it  were  only  to  run  a  freight  train  three  times  a  week 
instead  of  daily.  It  is  one  of  those  possibilities  of  economy  which  are  neglected 
until  necessity  compels  them,  because  they  take  some  trouble  and  some  devia- 
tion from  ordinary  routine  in  management. 

Convenience  requires  that  there  should  be  a  siding  at  least  half  a  train  long 
(preferably,  of  course,  a  full  train  long)  at  both  top  and  bottom  of  the  grade,  the 
lack  of  which  is  no  doubt  one  great  reason  why  this  expedient  is  not  oftener  re- 
sorted to. 

771.  2.  At  short  pusher  grades  near  station*,  yard  or  switching  engines 
can  often  perform  a  part  or  all  of  the  required  pushing  service  at  very 
moderate  cost — or,  what  amounts  to  the  same  thing,  the  pushing  engines 
can  be  so  utilized  for  switching  service  as  to  greatly  reduce  the  cost  and 
inconvenience  of  using  pushers. 
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The  instances  are  many  where  yard  engines  are  utilized  in  this  way,  if 
only  to  help  trains  through  yards  at  wliich  there  would  be  no  difficulty* 
except  for  the  fact  that  it  is  a  yard,  because,  for  obvious  topographical 
and  commercial  reasons,  it  is  very  common  to  find  large  yards  near  short 
stretches  of  objectionable  gradients.  When  the  yard  is  very  large,  so 
that  several  yard  engines  are  constantly  employed,  the  pushing  service 
cannot  be  assumed  to  be  added  without  adding  its  full  pro  raid  to  the 
number  of  engines,  but  in  all  cases  the  cost  and  inconvenience  of  the 
service  will  be  decreased,  and  so,  indirectly,  the  number  of  engines  which 
will  probably  be  required  for  the  joint  service,  to  the  extent  perhaps  of 
15  or  20  per  cent  of  the  whole  number  of  engines.  Switching  engines  ol 
the  ordinary  type,  having  all  their  weight  on  drivers  are  not  well  adapted 
for  pushing  service,  on  runs  of  over  a  mile  or  two,  nor  much  used  there- 
for, since  they  are  ill  adapted  for  high  speed,  which  is  often  desirable  in 
returning  down  hill. 

772i  The^onvenience  of  the  service  must  be  considered  as  well  as  the 
theoretical  requirements  in  estimating  both  the  probable  duty  and  prob- 
able cost  of  the  assistant-engine  service,  as  also  of  course  in  laying  out 
the  grades.  Unless  a  station  be  situated  immediately  at  the  foot  or  top 
of  the  grade,  the  service  must  be  assumed  to  begin  at  the  nearest  consid- 
erable station,  if  there  be  one  within  three  to  five  miles  of  either  point, 
because  that  is  where  convenience  will  require  that  it  should  begin  in 
practice. 

Unless  two  successive  pusher  grades  are  more  than  five  or  perhaps 
even  eight  miles  apart,  they  may  more  prudently  be  taken  as  one  and  the 
same  grade,  because  in  practice  that  is  the  way  in*  which  they  will  be 
likely  to  be  operated.  The  tendency  is  always  to  consider  convenience 
in  such  matters,  even  at  the  expense  of  economy;  and  it  may  be  questioned 
if  there  is  even  a  theoretical  economy  in  breaking  up  a  pusher  run  into  two 
for  less  than  a  five-mile  interval,  or  even  under  special  circumstances,  with 
thin  traffic,  for  considerably  more.  The  inconveniences  of  stopping  and 
starting  and  of  maintaining  the  double  service  and  the  loss  of  time  are  too 
great.  No  stop  is  required  at  the  top  of  the  grade  for  uncoupling  the 
pusher,  but  for  coupling  on  a  stop  is  necessary,  and  a  single  stop  of  a 
heavy  tram  costs  more  than  a  five-  or  even  ten-mile  run  of  a  light  engine^ 
which  would  otherwise  be  standing  idle  with  steam  up. 

773.  In  considering  the  question  of  the  probable  duty  of  assistant  en- 
gines it  is  further  to  be  remembered  that  trains  do  not  come  at  equal  in- 
tervals of  time  apart,  but  some  are  likely  to  come  so  near  together  that 
two  or  more  engines  will  be  almost  indispensable  at  certain  times  of  the 
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day,  and  some  so  far  apart  that  much  time  will  be  lost  while  under  steam. 
On  the  other  hand,  good  time  can  generally  be  made  down  hill ;  and  the 
systems  of  automatic  and  other  block  signals  have  now  been  brought  so 
near  perfection  that  short  sections  at  least  can  be  so  protected  that  little 
time  need  be  lost  between  trains  for  the  sake  of  allowing  a  margin  of 
safety  in  time. 

American  railways  are  but  beginning  to  avail  themselves  of  these  in- 
terlocking and  signal  devices,  the  use  of  which  may  be  expected  to  ma- 
terially increase  hereafter.  For  sections  on  which  pushers  are  used  they 
are  particularly  well  adapted.  At  such  points  the  number  of  trains  is 
practically  doubled,  and  it  may  well  be  a  question  between  such  signals 
and  a  double  track. 

For  any  considerable  traffic  a  telegraph  station  at  top  and  bottom  of 
the  grade  is  all  but  indispensable. 

THE    COST    OF    ASSISTANT    ENGINES. 

774i  This  may  be  divided  into  three  elements : 

1.  Interest  charge  on  the  original  cost,  special  to  the  use  of  pushers,  in- 
cluding extra  engines,  engine-houses,  if  any;  sidings;  block  signals,  if  any; 
etc 

2.  Cost  per  day  for  wages  and  a  certain  portion  of  the  fuel  and  repair 
charge  all  of  it  independent  of  tlie  mileage  run  per  day,  as  is  also  the  cost 
of  ma  ntr.'ning  block  signals,  if  any. 

3.  Cost  per  mile  run  for  fuel  and  repairs,  and  for  wear  and  tear  of 
road-bed,  track,  and  sidings. 

775.  When,  as  will  usually  happen,  an  approximately  fair  mileage  can 
be  obtained  from  the  assistant  engines,  say  80  to  too  miles  per  day,  it  is 
unnecessary  to  separate  these  items  from  each  other,  but  the  whole  cost 
per  mile  run,  exclusive  of  maintenance  of  way  and  interest  charges,  may 
be  assumed  not  to  vary  materially  from  that  of  ordinary  through  engines, 
unvess  there  is  some  considerable  difference  in  weight. 

The  experience  of  the  Philadelphia  ik  Reading  Railroad  indicates  that 
*Ji ;  intermittent  service  01  pushing  engines  does  not  add  materially  to 
exp  r.ses,  and  much  other  evidence  to  the  same  effect  might  be  given,  as 
also  for  the  fact  that  assistant  engines  will  realize  a  somewhat  higher 
yearly  service  than  through  engines,  wing  to  the  nature  of  their  service, 
which  facilitates  care  and  prompt  repairs.  At  least  the  difference  in  cost, 
if  any  exist,  must  in  general  be  trifling.  Assuming  there  were  none  at  all, 
the  DIRECT  RUNNING  EXPENSES  for  fuel,  oil,  and  water,  repairs  and  engine- 
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by  cntiipitriNnn  with  rx|)rricnce  with  switch  engines,  but  more  detailed 
rninpMtliifin  would  Intd  tis  too  far. 

703i  'Ihr  intrrrNl  chiirKC  on  pusher  engines  is  fairly  chargeable  to  the 
\w%\  111  lltr  Noivirr  im  well  as  the  running  expenses,  for  the  same  reason 
tlmt  tlir  iiitriciit  charge  in  the  extra  engines  required  to  operate  a  heavier 
llitule  nniit  taiilv  l>r  added  to  the  other  expenses  entailed  by  the  grade, 
M  !i|HM-iniMl  in  \v\Xs  7ii.  Properly  8()eaking,  the  first  cost  of  these  extra 
rnuinni  mu  pait  tif  the  roMt  of  constructing  the  line  of  those  grades,  as 
\\\\\\\\  \\\  tito  hiid^eMor  trark  thereon,  and  it  should  be  included  in  the 
eMiiuiU«'  of  the  i^^Mt  of  eon.struction  unless  the  interest  charge  is  added 
to  the  x^iMMatin^  exj^^nses. 

fM.  To  aauiatelv  estinmte  tlie  cost  of  pusher  service,  then,  we  must 
diMenuute 

I* >M/    rite  len|«th  of  pusher  tun  in  miles  (par.  767). 

Vrw-^^^'A.  The  piolv(\hle  numlKrof  daily  trips  per  engine^  and  hence 
tho  uun^IsM  *M  eojimoTt  twjuirtsi  (or  the  given  traffic. 

;  4r^v4\>    IVtoimute  the  auiuu)  interest  on  their  first  cost. 

«^  ;h«v  4,\    v\n))pnte  the  \N>$t  v^i  the  mileo^  made,  aocordit^  to  pars. 

\  i^c  MUX)  x\t  the  Um  i«\^  Items  « :V.  be  the  tvvial  «>»t  of  the  pssher  ser- 

^^^vr\K*,>^^\  or   r;  <SVK- 'K\;^V    XtNV^ji  m:TH   VNIFV^KM  OKJa>IEXTS. 

>^   \^.v  vA    \   >fc  V",  ;v>>x"^:   j:vji,^rti  Are  ,2K*,:,  ther  mill  mx  be  per- 
Ns>*>  :\^i*^»\v.  >ii  .%>»  ;V  ;  ^•Wi^;'^  j:-\?\^ois  N;;  fiber  o 


\  ■ 


>:  ^o;^^^  t,*  oC^xx;7^  cv  i^mdes.  viD  be 

fv-   xV"  >t  ,'»  >!uvr  T«f? 
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786.  If.  then,  we  have  two  alternate  locations,  AB  and  AA'B,  Fig. 
179.  one  of  which,  AB,  is  on  a  lower  through  grade  (say  of  1.25'per 
cent),  which  it  has  appeared  practicable  to  operate  without  assistant 
power,  and  the  other,  A'B,  is  the  lowest  through  grade  which  it  has 
been  or  will  be  practicable  to  secure  apart  from  the  incline  AA',  which 
it  is  expected  to  work  with  assistant  power,  by  adopting  the  line 

WITH  ASSISTANT  POWER — 

First.  We  gain  what  is  equivalent  to  a  reduction  in  the  ruling  grade 
from  the  rate  AB,  which  in  the  diagram  is  1.25  per  cent,  to  the  rate^'^, 
Rrhatever  it  may  be.  The  amount  of  this  gain  will  depend  upon  the  skill 
und  good  fortune  with  which  the  grades  have  been  adjusted,  but  it  will 
ordinarily  be  a  very  considerable  difference. 

Seconds  We  lose  the  cost  of  assistant  power  on  the  incline,  as  esti- 
iiiated  according  to  pars.  777-784. 

787.  The  problem  being  thus  stated,  the  values  previously  deter- 
mined give  us  a  ready  and  simple  method  of  solving  it.  Thus  if,  in  Fig. 
179,  we  have  estimated  the  probable  number  of  daily  trains  required  oc 
the  pusher-grade  line  A'B,  which  is  actually  a  0.7  maximum,  but  is  virtu 
ally  made  0.75  by  the  effect  of  the  imperfect  balance  of  the  pushei 
grades,  vhen,  by  adopting  the  line  having  a  uniform  maximum  gradient 
of  1.25  por  cent,  we  have  in  effect  increased  the  ruling  grade  0.50  per 
cent.  Now,  assuming  the  pusher  line  to  be  100  miles  long  with  a  pusher 
grade  of  10  miles  length  on  it,  and  the  other  line  to  be  105  miles  long, 
the  estim'ited  difference  in  the  operating  values  of  the  two  alignments 
would  b^  as  follows,  allowing  the  rate  of  interest  on  capital  to  be  5  per 
cent. 

I'^  favor  of  the  pusher  line  A  A' B,ViLY(,  DAILY  TRAIN: 

Difference  in  ruling  grade — a  saving  of  0.50  per  cent  increase 

above  a  0.7  per  cent  grade :  Value  by  Table  178,  $3,541  -♦■ 

0.05  X  5  =  J(354,ooo  for  a  division  100  miles  long.     For  a 

division  10$  miles  long  we  have  (par.  740),  $354,000  x  1.05=  $371,700 

In  favor  of  the  uniform  gradient  AB : 
10  miles  saved   of    assistant-engine  service,  cost  by  par.  777 

$2,800,  which,  capitalized  at  5  per  cent,  = $56,000 

Net  difference  in  operating  value  due  to  difference  in  gradients 

only,  in  favor  of  line  y4^'-5 $315,700 

Value  of  5  miles  of  distance  in  favor  of  line  -*4^'^  possibly  noth- 

^    $290 

ing,  and  possibly  by  par.  196,  — —  x  5  =        $29,000 

.05 

Total  difference  in  operating  value,  per  daily  train,  in  favor  of 

low-grade  (pusher)  line $344,700 
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T(i  thin  In  to  be  iirldcd  an  allowance  for  any  difference  in  the  probable 
tfitftlr,  ftir  any  Ionk  of  time  of  uAsistant  engines,  and  for  any  difference  in 
ihr  prolmhlc  capital  rxponditure  for  locomotives^,  which  will  naturally 
hr  {rant  on  the  linr  whirl)  nhows  the  highest  operating  value. 

700.  My  rompiiting  various  examples  of  this  kind  it  will  be  seen  how 
vnv  lai-^r  an  rronomy  almost  invariably  results  from  using  pushers,  but 
Iho  rondition  that  the  piishors  must  be  kept  busy  and  be  always  on  hand 
to  havo  thrm  cconomind  must  bo  remembered.  The  larger  the  traffic 
of  thr  \\Mx\  the  more  easily  can  this  be  assured,  and  consequently  the 
luoir  lir«tucn(ly  van  pushers  t)c  used.  They  are  sometimes  used  as 
«^ttou  as  thuH"  oi  tour  times  on  a  division,  but  with  a  light  traffic  thir 
wouUI  tic  mex|K*dient» 

AU  the  piiNVttin^,  howe\-er.  applies  to  freight  business  only.  The 
U!»\*  ol  p\i!«hei!*  in  |vrtvio«^*r  ser\-ioo  is  far  less  gi^neral  (par.  757). 

m^*  Wtu'thei  t\M  |Ms>^n>;\'r  or  freight  service,  perhaps  the  mostad- 
VA<^AitxNM<!«  ;i«ut  »;i(:staot\My  tvAsis  i«f  cv^mpansou  of  all  for  comparing 
aU\'«  i>.«(e  M^tcm^  \^t  i^t  A\i\etus^  as  it  cenainly  is  the  simplest,  is  to  deter- 
x«M(\o  thx'  nutntsM  oi  e*^^}::m^mUeswhioh  mu$t  Nerun  per  through  car  (or 
t\M\^    (  0  .  )v\  v'w^t  ot  ton    mv''\xvi  v^xrr  the  Ine  for  the  entire  distance 

V     oAx    JNi!^  5\w"!*o  :  *  -^v:*;  x-eA  "s  5iNrh  Ji  verr  mdcterminate  thing; 

o>fc»  *C  tx^  t^o  ^;ft;vx*    tv?v>As».^  ^ '  mr'.*:^:*  c^ir-jiNi.  :hjt  the  too  is  the  best 


•»*s\    V^-.x    vo^c~,^^*«.  -ojj,**  j:*»'^r  .'•i.*    *?•  Ai!C  F^.  :7^  aan*  be 
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Line  AB,  592  tons,  through  load,  no  pusher  service,  or  —  =5.99 

through  tons  per  engine-mile. 

8  00 
We  have  then  -^ —  =:  35. 14  per  cent  excess  of  engine-mileage  on 

5.92 

line  AB  for  the  same  through  traffic,  whatever  it  may  be ;  and  estimating 
the  cost  of  this  extra  engine-mileage  at  about  half  the  average  cost  of  a 
train-mile,  as  in  par.  720  (which  is  not  quite  correct,  because  the  excess 
of  /ra/>f-mileage  on  line  AB  is  even  greater  than  the  excess  of  engine^ 
mileage)  the  freight  operating  expenses  over  the  two  lines  will  Le  to 
each  other  about  as  100  to  117.6.  Estimating  then,  however  rudely,  the 
operating  expenses  over  either  line,  we  have  a  tolerably  close  indication 
of  the  difference  in  value  between  them,  which  will  lead  to  almost  exactly 
the  same  total  as  in  par.  787. 

791i  With  reference  to  the  passenger  business  on  this  particular  line, 
if  only  a  moderate  through  traffic  is  to  be  handled,  the  difference  in  the 
gradients  will  be,  with  well-arranged  stations,  a  matter  of  little  conse- 
quence. If  only  a  little  heavy  passenger  traffic  is  to  be  handled,  under 
otherwise  favorable  conditions,  the  uniform  gradient  of  1.25  per  cent 
will  have  a  certain  advantage ;  but  if  any  really  heavy  passenger  traffic  is 
to  be  handled,  the  pusher  line  will  have  much  the  same  advantage  for 
it,  and  for  much  the  same  reasons  as  it  has  for  the  freight  traffic.  It  is 
a  much  more  indeterminate  problem,  but  the  financial  importance  of 
hip:h  passenger  speeds  at  all  points  and  the  effect  upon  it  of  low  gradients 
and  easy  curvature  is  generally  over-estimated  (pars.  757-9)* 
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still  greater  caution  should  be  used  in  assuming  that  anything  will  be 
unobjectionable  but  an  exact  balance  of  resistances,  which  latter  is  of 
course  the  safest  assumption  to  make  when  the  future  is  for  any  reason 
very  doubtful. 

Nevertheless,  although  the  estimates  of  the  probable  future  dispro- 
portion should  always,  for  the  reasons  given,  be  exceedingly  conserva- 
tive, it  may  on  many  if  not  on  most  lines  be  determined  with  practical 
certainty  that  a  certain  minimum  disproportion  at  least  will  exist  for  the 
decade  or  so  ahead,  which  is  as  long  (par.  78  et  seq,)  as  the  engineer  is 
financially  warranted  in  looking  ahead. 

800i  It  is  to  be  remembered  also  that  the  same  assumed  balance  of 
grades  which  permits  the  grade  in  one  direction  to  be  made  higher  re- 
quires the  grade  in  the  other  to  be  made  lower,  if  possible,  so  that  the 
assumption  of  a  certain  preponderance  of  traffic  in  one  direction  does 
not  warrant  any  relaxation  of  effort  to  obtain  low  grades,  but  merely 
gives  it  a  little  different  direction.  If  there  be  merely  a  probability  that 
the  traffic  in  one  direction  will  be  slightly  heavier  than  in  the  other, 
with  a  possibility  that  it  may  be  either  considerably  heavier  or  evenly 
balanced,  and  the  same  expenditure  will  substitute  grades  of  0.65  one 
way,  and  0.55  the  other,  in  place  of  0.6  grades  both  ways,  it  is  good  en- 
gineering to  do  this,  for  we  can  only  strike  an  average  between  the 
maximum  and  minimum  possibilities  and  act  in  accordance  with  the 
mean.  It  is  demonstrable  mathematically,  as  well  as  clear  to  the  reason, 
that  this  course  is  as  binding  upon  us  as  if  we  had  positive  knowledge 
that  the  mean  of  our  estimates  (if  they  really  are  such,  and  not  guesses) 
was  the  exact  truth. 

Topographical  considerations  often  make  it  impossible  to  even  at- 
tempt a  balance  of  gradients,  at  least  m  the  way  of  favoring  the  heaviest 
traffic.  It  is,  however,  nearly  always  possible  to  favor  the  expense  ac- 
count in  such  cases,  somewhat  at  least,  by  not  showing  unnecessary 
favors  to  the  lighter  traffic. 

801.  For  an  exclusively  mineral  traffic  the  expediency  of  ad- 
justing the  grades  for  the  full  theoretical  difference  can  rarely  be  ques* 
tioned,  and  it  is  of  course  for  this  traffic  that  the  greatest  difference  is 
required.  At  the  present  time  the  ratio  of  load  to  weight  of  car  is  con- 
siderably over  2  to  I,  so  that  less  than  \  of  the  weight  of  a  full  train 
is  cars  and  over  }  paying  load.  Consequently,  the  return  trains  of 
empty  cars  weigh  less  than  ^  as  much  as  the  full  trains,  and  the  proper 
balance  of  grades  shows  a  wide  contrast  in  them,  as  will  be  seen  ia 
Table  185. 
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802i  An  important  fact  to  remember  in  considering  an  almost  exclu- 
sively mineral  traffic  is  that  whatever  general  freight  business  there  may 
be  will  probably  be  against  the  main  traffic  almost  exclusively,  and  that 
the  consumption  of  supplies  per  inhabitant  is  large  in  mining  regions, 
and  almost  wholly  imported.  The  traffic  per  inhabitant  of  mining  re- 
gions, including  shipments  of  machinery,  etc.,  as  also  the  output  per 
miner  (about  |  to  ^  of  the  total  inhabitants),  may  be  readily  estimated 
by  a  little  investigation.  The  figures  vary  too  greatly  to  attempt  any 
general  analysis. 

803i  For  general  freight  business  no  such  difference  as  with  mineral 
traffic  ever  exists,  but  something  closely  approaching  to  it  exists  at  times 
on  the  leading  East  and  West  trunk  lines,  on  which  the  normal  average 
is  only  from  3  to  4  tons  West  to  10  East.  It  is  probable  that  there 
will  always  continue  to  be  a  heavy  preponderance  of  East-bound  traffic 
in  the  United  States,  although  whether  it  will  continue  to  be  as  heavy 
in  the  future  as  in  the  past  is  a  far  more  doubtful  matter.  The  propor* 
tion  of  export  traffic  will  become  relatively  less  as  the  population  of  this 
continent  increases,  and  this  traffic  has  now  a  great  influence  in  causing 
the  disproportion  of  traffic  which  at  present  exists.  If  the  East  were  to 
continue  to  be  the  manufacturing  region  par  excellence  this  loss  would 
be  compensated  for,  but  that  this  will  be  the  case  seems  very  doubtful. 

804i  An  enormous  West-bound  anthracite  coal-traffic,  moreover,  has 
sprung  up  within  the  last  few  years  which  is  reducing  and  will  still  more 
largely  reduce  the  existing  disproportion.  The  rise  and  growth  of  this 
traffic  is  a  good  illustration  of  the  great  changes  which  may  come  with 
time,  but  which  are  for  the  moment  not  considered.  It  is  the  chief  cause 
for  the  very  remarkable  reversal  of  the  current  of  local  traffic  shown  in 
Table  98. 

The  only  definite  fact  seems  to  be  that  the  burden  of  traffic  will  al- 
ways be  heavily  toward  a  manufacturing  or  mining  region  and  away 
from  the  shippers  of  the  heavier  cereals.  Thus  it  is  about  three  to  one 
from  West  to  East,  and  about  two  to  one  from  the  Northern  to  the 
Southern  States. 

805.  The  latter  fact  shows  that  it  is  not  safe  to  say  broadly  that  the 
burden  of  traffic  is  from  an  agricultural  to  a  manufacturing  region  ;  for 
the  South,  which  is  chiefly  agricultural,  ships  to  the  North,  as  yet,  much 
less  in  weight  than  it  receives ;  the  reason  being  that  its  exports  are 
largely  cotton,  and  that  the  current  of  its  commercial  business  follows  a 
kind  of  triangular  course — from  the  South  to  New  York  or  Europe, 
thence  to  the  interior  of  the  United   States,  and  thence  to  the  South 
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98,  pages  232-3,  shows  the  revolutionary  way  in  which  this  dis* 
proportion  has  varied  during  the  past  forty-five  years,  or  during 
the  entire  history  of  the  road.  Neither  the  extent  nor  the  nature 
of  these  changes  could  well  have  been  anticipated  when  the  road 
was  first  constructed;  but  from  our  present  stock  of  knowledge, 
actual  or  potential,  as  to  the  course  of  such  matters  in  the  past, 
we  may  make  a  reasonable  and  safe  approximation  at  least  to 
the  future  probabilities  in  this  respect,  by  investigating  the  facts 
as  to  neighboring  or  rival  lines.  The  proper  manner  of  doing 
this  we  will  shortly  consider.  A  large  body  of  further  statistics 
of  the  same  kind  as  to  other  roads  might  be  presented,  but  not 
enough  to  serve  any  more  useful  purpose  for  any  particular  line 
than  the  approximate  figures  given  in  this  chapter,  without  an 
inadmissible  amount  of  them. 

795.  Assuming  the  ratio  of  the  tonnage  in  each  direction  to  be 
known  or  assumed,  the  admissible  diflercnce  of  gradients  to  correspond 
may  be  very  quickly  determined  by  the  aid  of  the  long  Table  170,  by  de- 
termining the  total  load  in  tons  behind  the  tender  which  must  be  hauled 
on  the  return  trip,  for  a  given  disproportion  of  tonnage.  The  total  load 
can  at  once  be  divided  into  payinp^  load  (freight)  and  dead  load  (cars),  if 
we  know  or  assume  the  average  load  and  weight  per  car.  By  1890,  with 
the  prevailing  tendency  to  increase  average  load,  it  is  probable  that  the 
total  load  hauled  in  the  direction  of  heaviest  traffic  might  fairly  be 
divided  as  follows : 


Toul  weight 

per  car  or 

train. 

Live  weight 

per  car  or 

train. 

Dead  weight 

per  car  or 

train. 

General  Traffic,  . 

.      .           1. 00 

0.60 

040 

Mineral  Traffic,  .     , 

1. 00 

0.72 

0.28 

At  present  this  is  a  little  too  favorable ;  not  as  respects  the  nominal 
loads,  but  as  respects  the  loads  actually  hauled,  although  some  of  our 
best  roads  approach  it.  For  example,  the  average  load  of  loaded  cars  on 
the  Pennsylvania  Railroad  is  now  14  tons,  and  of  East-bound  only  15-^ 
tons.  The  average  weight  of  the  empty  cars  is  probably  in  the  neighbor- 
hood of  loj  tons.     See  Table  1 54.  p.  486. 

Then  if  the  return  tonnage  be  only  half  as  great,  the  total  weight  of 

0.60 
return  trains  will  be  only  0.40 H — —  =  70  per  cent  as  heavy  in  tons;  and 

having  computed  this  weight  in  tons  (making  also  an  allowance  which 
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we  shall  consider  in  a  moment)  we  find  at  once  from  Table  170  the  cor- 
responding grade. 

796.  In  this  simple  manner  Table  185  below  was  computed,  which 
gives  sufficient  data  to  enable  the  proper  balance  under  almost  any 
given  conditions  to  be  readily  determined  by  interpolation.  Without 
the  aid  of  Table  170.  while  each  step  in  the  process  is  simple  enough, 
there  are  a  good  many  to  be  taken,  in  each  of  which  a  mistake  is  easy, 
which  is  probably  the  reason  why  in  not  a  few  instances  of  actual  prac- 
tice errors  of  importance  have  been  made  in  it.'*' 

797.  The  computation  of  the  theoretical  balance  of  gradients  is  com- 
plicated by  the  following  practical  considerations,  the  effect  of  which 
should  be  included  in  the  computation : 

1.  The  journal  friction  of  empty  cars  is  at  least  2  lbs.  per  ton  (=  o.i 
per  cent  of  grade)  higher  than  with  loaded  cars,  requiring  a  modification 
of  the  theoretical  balance  of  grade  to  that  extent  in  favor  of  the  lightest 
traffic  in  case  all  cars  return  empty,  and  proportionately  if  a  part  return 
empty.  This  has  been  done  in  computing  Table  185,  as  indicated  by  the 
two  lower  lines. 

2.  It  is  not  practically  possible  (par.  91)  to  have  all  cars  in  all  trains 
always  loaded  even  in  the  direction  of  heaviest  traffic.  A  certain  pro- 
portion of  the  cars,  which  for  this  particular  purpose  may  be  estimated 
(liberally  but  not  unfairly)  at  from  5  to  even  (in  special  cases)  10  per 
cent,  will  go  empty  even  in  the  direction  of  the  heaviest  traffic.  These 
cars  serve  to  increase  by  so  much  the  proportion  of  the  dead  to  the  live 
load  of  trains,  and  by  so  much  diminish  the  admissible  difference  in  gra- 
dients, and  so  also  will  the  fact  that  even  loaded  cars  do  not  by  any 
means  average  their  full  nominal  capacity.  Both  of  these  latter  consid- 
erations, however,  affect  only  the  estimate  of  the  proportion  of  the  pay- 
ing to  the  dead  load,  which  is  the  first  thing  to  be  assumed  for  determin- 
ing the  balance  of  grades. 

798.  3.  The  disproportion  of  traffic  varies  not  only  from  year  to  year 
and  from  point  to  point,  but  from  day  to  day  and  from  week  to  week,  as 
already  noted.  That  this  must  inevitably  be  so,  more  or  less,  is  apparent : 
Traffic  cannot  be  held  until  it  is  convenient  to  move  it,  but  must  be 

*  E.g.,  a  prominent  text- book  gives  extracts  from  official  reports  of  two 
very  prominent  engineers,  each  containing  a  number  of  computations  of  this 
kind,  every  one  of  which  is  much  in  error,  and  in  quite  different  ways,  as 
pointed  out  and  corrected  in  detail  in  the  first  edition  of  this  treatise.  The 
writer  could  readily  mention  still  other  instances. 
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>ut  7  miles  to  Deposit,  and  ihence 
if  10  to  IS  ft.  per  mile  to  Port 
tbe  equivalent  grade  to  about  0.3; 

from  the  tummit  the  low  rate  at- 
le  hill-side  at  an  elevation  of  40  or 
arly  the  whole  dialance,  with  much 

and  at  least  twice  tbe  cost  lor  con- 

'  for  a  line  located  in  the  bottom  of 

It  would  have  been  most  natural, 

have  chosen  the  light  line;  but  let 

trains   returning.      As  the  grade* 

suffice  10  pafs  a  fully  loaded  wesl- 
ng  (Table  185)0.35  and  1.03.  Had 
Westbound  engines  over  the  whole 
inion.     It  was  plainlji  (he  intent  of 

to  give  him  credit  (or  the  (oresighi 
I  trains  should  be  taken  to  the  sum- 
T,  leaving  all  the  remainder  of  Ibe 
eedingly  (avorabte.     As  a  matter  of 

with  two  pushers. 

Jervis,  a  different  adjustment  bas 
:rains  being  46  (t.  and  against  West- 
vecl  adjustment  lor  enabling  trains 
lal  loads  each  way.  The  lemainder 
I  of  location.  Some  improvements 
t  it  is  questionable  if  a  radical  re- 
nt prove  immensely  profitable.  On 
id  on  many  o(  the  branches,  ruling 

considerable   expense  without  any 

I  on  other  lines  might  be  multiplied 
tile  purpose  10  do  so.  When  the 
:  may  be  taken  by  assuming  that  tbe 
ibort  grades  o(  4  to  6  or  7  miles  this 
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again.     But  the  rapid  development  of  the  mineral  resourced  of  the  South 
is  bringing  about  a  change  in  this  respect. 

806i  The  possibility  of  some  such  roundabout  process  of  exchange 
as  this,  especially  on  a  small  scale,  is  one  which  must  be  very  frequently 
remembered  rf  a  reasonable  estimate  of  probabilities  is  to  be  made. 
Thus,  wiien  the  Mexican  system  of  railways  was  projected  it  became  at 
once  important  and  difficult  to  determine  in  which  direction  would  be 
the  largest  freight  movement.  The  central  plateau  is  a  region  of  great 
and  largely  undeveloped  grazing  and  agricultural  possibilities*  but  on 
the  other  hand  is  a  great  and  largely  undeveloped  mining  region*  hav- 
ing no  workable  coal  as  yet  known.  Bearing  in  mind  the  character  of 
the  regions  of  the  United  States  to  the  north,  the  writer  concluded  that 
the  traffic  would  not  probably  be  very  unequal,  but  that  the  tonnage 
would  be  the  heaviest  northward.  This  expectation  has  not  yet  (i88$) 
been  fulfilled,  but  the  direct  contrary  is  the  case,  the  preponderance 
being  very  heavily  into  the  City  of  Mexico,  and  largely  on  account  of 
the  triangular  process  of  exchange  referred  to.  The  products  exported 
are  on  the  coast  or  seek  the  coast,  and  thence  by  very  indirect  channels 
pay  for  the  shipmcints  (as  yet  small)  which  go  to  Mexico  in  return  by 
rail.  Whether  or  not  this  tendency  will  continue  is  doubtful.  Proba- 
bly it  will  not,  but  the  burden  of  traffic  will  be  out  of  Mexico  when  a 
fuller  development  has  come.  In  any  case  it  illustrates  the  necessity  of 
looking  beyond  the  superficial  and  immediate  possibilities,  and  remem- 
bering that  great  changes  may  come  with  time. 

807.  For  passenger  service  grades  should  in  all  cases  be  equally 
balanced,  because  whether  passenger  cars  be  loaded  or  unloaded  makes 
but  an  inconsiderable  difference  (par.  606)  in  the  weight  of  trains,  even 
if  it  were  not  certain  that  passenger  travel  must  be,  in  the  long-run, 
equal  in  each  direction,  in  spite  of  a  temporary  preponderance  in  one 
direction,  due  to  emigration.  Therefore,  in  proportion  as  the  passen- 
ger traffic  is  a  larger  and  mineral  traffic  a  smaller  element,  and  in  pro- 
portion as  the  preponderance  of  freight  tonnage  is  doubtful,  the  expedi- 
ency of  seeking  uniform  grades  in  each  direction  increases. 

808.  It  follows  also,  that  when  an  unequal  freight  or  mineral  traffic 
exists,  combined  with  a  considerable  passenger  traffic,  there  is  always  a 
certain  advantage,  and  hence  a  certain  justifiable  expenditure,  in  reduc- 
ing the  rate  of  grade  in  either  direction,  although  the  other  be  left  un- 
changed. The  passenger  service  is  always  benefited  by  reducing  the 
higher  rate  of  grade,  whichever  it  may  be  (provided  it  is,  for  passenger 
service,  a  de-facto  limiting  grade,  as  explained  in  par.  407);  and  after 
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this  has  been  done  there  is  a  certain  advantage  to  the  freight  traffic  only 
in  reducing  the  grades  against  the  heaviest  traffic.  The  admissible  ex- 
penditure for  doing  this  is  only  that  appertaining  to  the  particular 
traffic  benefited. 

809«  For  exam ple»  suppose  the  grades  on  any  line  to  be  i.oo  and 
1.20  per  cent  (52.8  and  63  ft.  per  mile),  and  the  ratio  of  the  weight  of 
freight  in  each  direction  to  be  about  as  on  the  Pennsylvania  Railroads, 
viz;  as  i.o  to  0.3: 

Per  cent. 

Well-adjusted  grades  for  freight  service  would  be 

(Table  185) 0.6  and  1.2 

Well-adjusted  grades  for  passenger  service  would  be i.o  and  i.o 

We  can  properly  expend,  therefore,  to  reduce  the  grade  which  limits 
the  freight  traffic  (1.0  per  cent)  to  0.6  per  cent,  as  much  as  the  freight 
traffic  alone  justifies ;  and  to  reduce  the  grade  which  is  heaviest  for  pas- 
senger service  (1.2  per  cent)  to  1.0  per  cent  only  as  much  as  the  passen- 
ger service  alone  justifies,  which,  in  case  of  a  light  local  passenger  busi- 
ness, will  not  be  much  (par.  732). 

810.  Even  if  the  business  of  a  road  consists  of  three  distinct  classes 
of  traffic,  passenger,  freight,  and  mineral,  each  one  of  which  would  re- 
quire a  different  balance  of  ruling  grades,  this  difference  need  introduce 
no  confusion  in  the  estimations  of  the  value  of  reducing  grades,  for  we 
iiave  only  to  determine  from  Table  185,  what  class  or  classes  of  traffic 
any  proposed  reduction  of  grade  will  be  valuable  or  worthless  to,  and 
the  justifiable  expenditure  to  reduce  it  may  be  determined  for  that 
traffic  only  by  the  methods  of  Chap.  XV.,  par.  726  et  seq. 

811t  It  may  also  be  noted  that  a  mineral  traffic  should  in  general  be 
considered  simply  as  a  part  of  the  general  freight  traffic.  It  is  only 
under  peculiar  circumstances,  as  when  the  haul  is  short  or  the  mineral 
traffic  is  very  large,  that  they  should  be  separately  considered,  and  never 
when  their  separate  conduct  would  involve  a  large  wastage  of  motive- 
power  or  of  empty  car-mileage,  in  either  direction,  since  the  two  can 
always  be  combined  together,  light  freight  trains  being  filled  up  with 
coal  cars  or  vice  versd,  as  is  now  done  on  the  trunk  lines.  It  has  even 
come  about  that  empty  grain  cars  returning  West  are  filled  up  with  coal  so 
as  to  go  loaded  in  both  directions,  and  this  tendency  may  be  expected 
to  increase  or  prevail  whenever  it  will  save  a  considerable  movement  of 
cars  in  opposite  directions,  since  it  effects  a  very  large  economy. 

812.  A  heavy  tonnage  goes  into  all  cities,  since  they  consume  much 
and  produce  nothing  except  in  the  form  of  manufactures,  which  for  the 
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again.     But  the  rapid  development  of  the  mineral  resourced  of  the  South 
is  bringing  about  a  ciiaiige  in  this  respect. 

806f  The  possibility  of  some  such  roundabout  process  of  exchange 
as  this,  especially  on  a  small  scale,  is  one  which  must  be  very  frequently 
remembered  rf  a  reasonable  estimate  of  probabilities  is  to  be  made. 
Thus,  when  the  Mexican  system  of  railways  was  projected  it  became  at 
once  important  and  ditficult  to  determine  in  which  direction  would  be 
the  largest  freight  movement.  The  central  plateau  is  a  region  of  great 
and  largely  undeveloped  grazing  and  agricultural  possibilities,  but  on 
the  other  hand  is  a  great  and  largely  undeveloped  mining  region,  hav- 
ing no  workable  coal  as  yet  known.  Bearing  in  mind  the  character  of 
the  regions  of  the  United  States  to  the  north,  the  writer  concluded  that 
the  traffic  would  not  probably  be  very  unequal,  but  that  the  tonnage 
would  be  the  heaviest  northward.  This  expectation  has  not  yet  (1885) 
been  fulfilled,  but  the  direct  contrary  is  the  case,  the  preponderance 
being  very  heavily  into  the  City  of  Mexico,  and  largely  on  account  of 
the  triangular  process  of  exchange  referred  to.  The  products  exported 
are  on  the  coast  or  seek  the  coast,  and  thence  by  very  indirect  channels 
pay  for  the  shipmelnts  (as  yet  small)  which  go  to  Mexico  in  return  by 
rail.  Whether  or  not  this  tendency  will  continue  is  doubtful.  Proba- 
bly it  will  not,  but  the  burden  of  traffic  will  be  out  of  Mexico  when  a 
fuller  development  has  come.  In  any  case  it  illustrates  the  necessity  of 
looking  beyond  the  superficial  and  immediate  possibilities,  and  remem- 
bering that  great  changes  may  come  with  time. 

807f  For  passenger  service  grades  should  in  all  cases  be  equally 
balanced,  because  whether  passenger  cars  be  loaded  or  unloaded  makes 
but  an  inconsiderable  difference  (par.  606)  in  the  weight  of  trains,  even 
if  it  were  not  certain  that  passenger  travel  must  be,  in  the  long-run, 
equal  in  each  direction,  in  spite  of  a  temporary  preponderance  in  one 
direction,  due  to  emigration.  Therefore,  in  proportion  as  the  passen- 
ger traffic  is  a  larger  and  mineral  traffic  a  smaller  element,  and  in  pro- 
portion as  the  preponderance  of  freight  tonnage  is  doubtful,  the  expedi- 
ency of  seeking  uniform  grades  in  each  direction  increases. 

808.  It  follows  also,  that  when  an  unequal  freight  or  mineral  traffic 
exists,  combined  with  a  considerable  passenger  traffic,  there  is  always  a 
certain  advantage,  and  hence  a  certain  justifiable  expenditure,  in  reduc- 
ing the  rate  of  grade  in  either  direction,  although  the  other  be  left  un- 
changed. The  passenger  service  is  always  benefited  by  reducing  the 
higher  rate  of  grade,  whichever  it  may  be  (provided  it  is,  for  passenger 
service,  a  de-facto  limiting  grade,  as  explained  in  par.  407);  and  after 
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this  has  been  done  there  is  a  certain  advantage  to  the  freight  traffic  only 
in  reducing  the  grades  against  the  heaviest  traffic.  The  admissible  ex- 
penditure for  doing  this  is  only  that  appertaining  to  the  particular 
traffic  benefited. 

809<  For  example,  suppose  the  grades  on  any  line  to  be  i.oo  and 
1.20  per  cent  (52.8  and  63  ft.  per  mile),  and  the  ratio  of  the  weight  of 
freight  in  each  direction  to  be  about  as  on  the  Pennsylvania  Railroads, 
viz;  as  i.o  to  0.3: 

Per  cent. 

Well-adjusted  grades  for  freight  service  would  be 

(Table  185) 0.6  and  1.2 

Well-adjusted  grades  for  passenger  service  would  be i.o  and  i.o 

We  can  properly  expend,  therefore,  to  reduce  the  grade  which  limits 
the  freight  traffic  (1.0  per  cent)  to  0.6  per  cent,  as  much  as  the  freight 
traffic  alone  justifies ;  and  to  reduce  the  grade  which  is  heaviest  for  pas- 
senger service  (1.2  per  cent)  to  1.0  per  cent  only  as  much  as  the  passen- 
ger service  alone  justifies,  which,  in  case  of  a  light  local  passenger  busi- 
ness, will  not  be  much  (par.  732). 

810.  Even  if  the  business  of  a  road  consists  of  three  distinct  classes 
of  traffic,  passenger,  freight,  and  mineral,  each  one  of  which  would  re- 
quire a  different  balance  of  ruling  grades,  this  difference  need  introduce 
no  confusion  in  the  estimations  of  the  value  of  reducing  grades,  for  we 
have  only  to  determine  from  Table  185,  what  class  or  classes  of  traffic 
any  proposed  reduction  of  grade  will  be  valuable  or  worthless  to,  and 
the  justifiable  expenditure  to  reduce  it  may  be  determined  for  tliat 
traffic  only  by  the  methods  of  Chap.  XV.,  par.  726  et  seq, 

811t  It  may  also  be  noted  that  a  mineral  traffic  should  in  general  be 
considered  simply  as  a  part  of  the  general  freight  traffic.  It  is  only 
under  peculiar  circumstances,  as  when  the  haul  is  short  or  the  mineral 
traffic  is  very  large,  that  they  should  be  separately  considered,  and  never 
when  their  separate  conduct  would  involve  a  large  wastage  of  motive- 
power  or  of  empty  car-mileage,  in  either  direction,  since  the  two  can 
always  be  combined  together,  light  freight  trains  being  filled  up  with 
coal  cars  or  vice  versd,  as  is  now  done  on  the  trunk  lines.  It  has  even 
come  about  that  empty  grain  cars  returning  West  are  filled  up  with  coal  so 
as  to  go  loaded  in  both  directions,  and  this  tendency  may  be  expected 
to  increase  or  prevail  whenever  it  will  save  a  considerable  movement  of 
cars  in  opposite  directions,  since  it  effects  a  very  large  economy. 

812.  A  heavy  tonnage  goes  into  all  cities,  since  they  consume  much 
and  produce  nothing  except  in  the  form  of  manufactures,  which  for  the 
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ms)^  ^an  wei^  much  less  (although  they  pay  much  more)  than  the  raw 
itt>(ii(^cidb  which  are  shipped  for  producing  them. 

W3^  The  e^act  halance  of  grades  for  the  traffic  becomes  easy  in  the 
ViA^s^  v>l  4  U»«  already  in  operation,  and  this  should  be  the  first  step  in 
siudyiii^  cwilewplated  improvements,  since  it  may  save  the  necessity  of 
iui|MA>viii^  the  g[nides  in  one  direction,  or  at  least  some  of  them. 

tH«  Th«  Um9  of  few  existing  railways  have  been  studied  during  construe 
iiuik  wuli  i^i»  «imI  iu  view.  Some  of  the  earlier  lines  come  the  nearest  to  it; 
tvf  f^^stt^^  w«  may  take  three  of  the  most  sagaciously  located  lines  in  the 
Vui^^  SK*t^*— the  Baltimore  &  Ohio,  the  Pennsylvania,  and  the  Erie,  The 
Hi^Uaimsk^  CI^  i^io  mouutain  grades  have  been  laid  out  to  some  extent  with  this 
ouU  iu  vi^w»  Wttcir  they  have  a.2  per  cent  grades  (for  i6  miles)  opposed  to  West- 
b<H»uU  Vi^4kik'  i'ku^k  only  t.o  per  cent  opposed  to  East-bound,  but  this  difference  is 
14^1  l^«a  th^ku  the  disproportion  in  traffic  would  warrant,  the  balance  for  2  o  per 
^^«ut  with  A  diaproportioa  similar  to  that  of  the  Pennsylvania  road  (Table  185) 
bcitvg  4^bout  'S'k  per  cent.  This,  however,  is  the  less  important  on  such  a  line, 
bvv^^^e  Vh«  h<Nkvy  grades  are  so  long  that  the  trains  and  motive-power  can  be 
«^vit^t«<ii  v(uit4»  accurately  to  each  other,  as  they  are  in  fact,  on  each  separate 
^i^^W.  Vskiiig  two  pushers  on  the  2.0  per  cent  grade,  and  only  one  on  the  2.2 
PC4  c«uV*  moreover,  would  about  equalize  them  for  such  a  disproportion, 
aUHvmaiiI^  it  iH  ouly  on  grades  of  some  length  that  two  pushers  can  be  advan- 
^^^t'^v^uxly  u*ed.  The  gradients  of  the  Baltimore  &  Ohio,  considered  as  a  whole, 
«v(e  «v4«Ak*^W,v  adapted  for  cheap  working,  in  spite  of  their  heavy  rates,  from 
V^9  UvvV  thi^i  (^ey  are  all  ''bunched**  in  one  locality.  At  Piedmont  is  one  of 
t^V  kii^e^t  yivrda  in  the  world,  and  all  trains  are  made  up  anew  there. 

||^  I  lie  ^nusylvania  road  has  i  per  cent  grades  opposed  to  East-bound 
U«^likv  Ike  weittht  of  cars  and  freight  westward  being  by  Table  184  about 
k  U>^^^  ^u  ike  neighborhood  of  Altoona.  a  correct  balance  of  grades  would  be 
kji  V^Wv  t!t«v  iihout  I  t>  per  cent.  Actually  it  is  1.8  per  cent,  and  the  traffic  is 
VkV^k:9AA  viitk  vu)»e  pusher  eastward  and  two  pushers  westward. 

^1^  Vke  li^rie  is  at  two  or  three  of  its  leading  summits  a  good  instance  of 
^«ii  M«iuve4  grade«>  which  is  not  the  least  of  the  striking  merits  of  the  line. 
Ik\9U  vtitkvmt  4illuwing  for  the  early  date  at  which  it  was  built,  the  consummate 
el^^^u<?e«vu^  s^kill  with  which  it  was  carried  through  the  mountains  and  the  pri- 
vu«v«^l  lV4e«kti  without  the  aid  of  maps  and  without  a  single  tunnel  on  its  line  (as 
it  tkeu  w^isa;  v>ue  Has  since  been  built  at  Jersey  City),  with  very  low  grades,  and 
vm  VCiV  u«^ily  the  best  line  which  could  now  be  selected,  must  ever  excite  ad- 
^;^^^tivMt.  Keve«tkelesa,  the  Erie  and  its  branches  afford  several  examples  of 
tU^AvUustesi  grades,  but  il  will  be  more  profitable,  as  well  as  more  just,  to  con- 
^\iet  vke  iuslaiKH»s  on  its  main  line  where  they  have  been  carefully  adjusted. 

(|||%  Vke  Ueh^ware  Division  ascends  eastward  out  of  the  Susquehanna 
VAUtx  sMA  %  W»fl«  (l«t4  per  cent)  grade  for  8  miles,  thence  descends  on  a 
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S7ft.  (x.o8)  and  49-f^.  (0.93)  grade  for  about  7  miles  to  Deposit,  and  thence 
follows  an  unbroken  descending  grade  of  10  to  15  ft.  per  mile  to  Port 
Jervis.  The  curvature  probably  increases  the  equivalent  grade  to  about  0.35 
per  cent.  Now,  in  descending  eastwardly  from  the  summit  the  low  rate  at- 
tained is  attained  only  by  following  down  the  hill-side  at  an  elevation  of  40  or 
50  ft.  above  the  botiom  of  the  valley  for  nearly  the  whole  distance,  with  much 
curvature — about  one  mile  more  of  distance  and  at  least  twice  the  cost  for  con- 
struction which  would  have  been  necessary  for  a  line  located  in  the  bottom  of 
the  valley  on  a  grade  of  1.2  or  1.3  per  cent.  It  would  have  been  most  natural, 
berefore.  under  all  the  circumstances,  to  have  chosen  the  light  line;  but  let 
as  consider  the  consequences  to  the  light  trains  returning.  As  the  grades 
are  now,  a  single  pusher  engine  will  just  suffice  to  pass  a  fully  loaded  west- 
bound train  over  the  hill,  the  balance  being  (Table  185)  0.35  and  1.03.  Had 
the  grade  been  any  higher,  the  capacity  of  West-bound  engines  over  the  whole 
division  would  have  been  cut  down  in  proportion.  It  was  plainly  the  intent  of 
the  engineer,  therefort:, — for  it  is  but  just  to  give  him  credit  for  the  foresight 
which  his  work  indicates, — that  East-bound  trains  should  be  taken  to  the  sum- 
mit from  Susquehanna  as  a  separate  matter,  leaving  all  the  remainder  of  the 
division,  for  trains  in  both  directions,  exceedingly  favorable.  As  a  matter  of 
fact,  trains  are  taken  up  from  Susquehanna  with  two  pushers. 

818.  On  the  Eastern  Division,  at  Port  Jervis,  a  different  adjustment  has 
been  used,  the  grades  against  East  bound  trains  being  46  ft.  and  against  West- 
bound 60  ft.,  which  is  approximately  a  correct  adjustment  for  enabling  trains 
with  pushers  to  run  over  the  hill  with  equal  loads  each  way.  The  remainder 
of  the  division  is  not  a  very  good  specimen  of  location.  Some  improvements 
in  recent  years  have  been  made  in  it,  but  it  is  questionable  if  a  radical  re- 
construction of  the  entire  division  would  not  prove  immensely  profitable.  On 
the  Buffalo  and  Western  divisions  also,  and  on  many  of  the  branches,  ruling 
grades  were  made  the  same  each  way  at  considerable  expense  without  any 
adequate  compensating  advantage. 

819f  Examples  of  badly  adjusted  grades  on  other  lines  might  be  multiplied 
almost  indefinitely,  but  it  would  be  to  little  purpose  to  do  so.  When  the 
|[radesare  long,  considerable  leeway  in  rate  may  be  taken  by  assuming  that  the 
grade  will  be  separately  operated,  but  with  short  grades  of  4  to  6  or  7  miles  this 
is  not  expedient. 
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CHAPTER   XVIII. 

LIMITING    CURVATURE    AND   COMPENSATION    THEREFOR. 

820.  Under  three  different  conditions  curvature  may  come  in. 
in  advance  of  gradients,  as  a  limiting  agent  to  fix  the  weight  oi 
trains: 

1.  When  curves  are  introduced  on  a  maximum  grade  without 
reducing  the  rate  of  the  latter  by  what  is  called  the  compensa- 
tion FOR  curvature,  SO  as  to  keep  the  aggregate  resistance  con- 
stant on  both  curves  and  tangents. 

2.  When  a  line  is  nearly  or  quite  level,  and  yet  runs  through 
a  region  requiring  much  curvature  which  (as  is  very  apt  to  hap- 
pen on  such  lines)  cannot  be  "compensated"  because  there  are 
no  grades,  or  no  sufficiently  high  grades  to  reduce,  in  order  to 
eliminate  their  additional  resistance. 

3.  When  on  lines  of  the  latter  (or  any  other)  class  curvature 
of  such  short  radius  is  used  as  to  limit  the  length  of  trains  more 
than  would  tlie  same  amount  of  curvature  with  longer  radii. 

These  causes  are  more  or  less  interrelated  with  each  other, 
but  we  will  consider  them  separately,  so  far  as  may  be,  in  the 
order  mentioned,  suuimarizing  our  conclusions  at  the  end  of  this 
chapter  (page  6j;.'). 

821.  We  have  seen  (par.  335)  that  curve  resistance  varies  from  less 
than  0.5  lb.  per  ton  to  perhaps  2.0  or  even  more  lbs.  per  ton  per  degree 
of  curve,  according  to  circumstances;  which  at  2  lbs.  per  ton  for  each 
tenth  of  grade  (par.  382)  is  equivalent  to  from  0.025  ^o  ^-'^  P^*"  cent  of 
grade  per  degree.  Assuming,  therefore,  a  "  straight"  (uncompensated) 
0.5  per  cent  grade.  Fig.  180.  with  alternate  equal  lengths  of  tangent  and 
10°  curves  succeeding  each  other,  and  assuming  that  the  curve  resistance 
is  (see  par.  834  ^low)  at  the  rate  of  i  lb.  per  ton,  the  effect  of  the  curve 
resistance  is  i>'  effect  to  double  the  grade  on  the  curves,  so  that  the 
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curves  and  grade  together  make  the  equivalent  grade  a  succession  of  i.o 
and  0.5  per  cent  grades,  as  represented  by  the  dotted  line  of  Fig.  180. 

Such  conditions  have  precisely  the  same  deleterious  eflfect,  no  more 
and  no  less,  that  a  long  tangent  grade-line  would  have  if  broken  up  in 
Aimilar  fashion. 
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Fig.  180.— Effect  of  Unreduced  Curvature  to  reduce  Gradbs. 

822.  An  immense  portion  of  the  heavy  grade-mileage  of  the  world 
das  been  constructed  in  precisely  this  way,  the  grade  being  carried 
through  at  a  uniform  rate  over  curves  and  tangents  alike.  Until  within 
recent  years  nearly  all  American  railways  were  so  constructed,  and  when 
the  curves  were  compensated  at  all,  low  rates  of  compensation  (0.02  and 
0.03  per  cent  per  degree)  were  and  still  are  chiefly  used,  for  which  indeed 
much  can  be  said  (par  834  below),  although  in  general  a  less  rate  than 
0.05  cannot  be  regarded  as  good  practice. 

823.  The  practice  of  reducing  grades  on  curves  appears  to  have  been 
first  introduced  on  the  Continent.  American  engineers  soon  followed. 
English  engineers  have  neglected  and  still  do  neglect  it  very  generally. 
In  no  part  of  the  world  is  it  universal,  many  prominent  roads  in  this 
country  having  neglected  it  wholly;  as.  for  instance,  the  Erie,  Boston  & 
Albany,  Baltimore  &  Ohio  (for  the  most  part)  Pennsylvania  (for  the 
most  part),  and  in  recent  years  such  lines  as  the  Cincinnati  Southern, 
Chesa()eake  &  Ohio,  most  of  the  Denver  &  Rio  Grande,  and  a  host  of 
other  lines.' 

824.  The  argument  by  which  a  neglect  to  reduce  grades  on  curves . 
has  been  justified,  when  any  attempt  at  all  has  been  made  to  justify  it,  is 
that  the  resistance  is  averaged   by  momentum  so  that  the   broken 
grade-line  of  Fig.  180  is  reduced  by  the  equalizing  effect  of  slight  fluctu- 
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ations  of  velocity  lo  the  continuous  0.75  grade-line  shown  below  it.  The 
general  principle  upon  which  this  argument  is  based  is  a  sound  one,  to 
the  extent  that  under  favorable  conditions  precisely  that  effect  may 
result,  either  on  actual  irregularities  of  grade,  or  on  equivalent  ones 
ctfused  by  unreduced  curvature.  It  is  not  true  at  all  that  any  injurious 
effect  upon  the  train,  or  any  increase  of  virtual  gradient,  necessarily  re- 
sults from  the  gradient  like  the  broken  line  in  Fig.  180  in  place  of  the 
straight  0.75  grades,  under  certain  and  proper  conditions.  Why  and  how 
this  is  so,  and  under  what  conditions,  has  been  so  fully  discerned  in 
Chap.  IX.  (par.  397  et  seq.)  that  it  need  not  be  repeated,  further  than  to 
say  that  a  curve  may  be  considered  as  adding  simply  so  much  to  the 
grade,  and  the  two  cases  be  treated  alike. 

820.  But  conditions  justifying  the  assumption  that  unreduced  curva- 
ture can  thus  be  made  harmless  by  the  effect  of  momentum  cannot  exist 
on  any  actual  maximum  grade,  unless  by  some  rare  accident,  and  conse- 
quently it  is  a  rule  which  should  be  regarded  as  of  universal  application, 
and  rigidly  adhered  to,  that  unreduced  curvature  should  under  no 
circumstances  be  permitted  on  the  maximum  grade,  and  that  the  reduc- 
tion should  in  general  be  ample,  especially  near  stations  and  where  there 
is  an  excessive  resistance.     The  reasons  for  this  are  three,  as  follows : 

I.  The  distribution  of  curvature  even  on  a  grade-line  only  a  few  miles 
long  naturally  tends  to  become  unequal.  Instead  of  being  equally  dis- 
tributed, as  assumed  for  merely  illustrative  purposes  in  Fig.  180,  it  is  far 
more  likely  to  be  concentrated  in  masses  of  perhaps  several  hundred 
defcjrees  of  almost  continuous  curvature,  with  long  intermediate  stretches 
of  much  better  alignment,  giving,  if  such  curvature  is  not  reduced,  an 
equivalent  profile  more  like  Fig.  185,  from  which  it  is  far  more  difficult 
to  obtain  a  straight  **  virtual  "  profile  (par.  398)  by  fluctuations  of  velocity 
than  with  a  more  even  distribution  of  curvature;  and  when  such  excess 
of  curvature  comes  well  up  toward  the  top  of  a  long  grade  it  becomes 
under  moat  circumstances  practically  impossible  to  do  so. 

096i  a.  Even  if  the  curvature  be  tolerably  evenly  distributed,  the 
aped  on  nmximum  grades  is,  with  the  full  train  which  good  operating 
management  presupposes,  necessarily  slow.  With  extra  heavy  car-loads 
K\x  In  unfavorable  weather — wet,  frosty,  misty,  very  cold,  or  windy — it  is 
ueceaaarlly  very  slow.  At  what  point  on  the  line  the  most  unfavorable 
conditions  will  be  encountered  (for  there  are  always  slight  variations, 
(rom  wind  or  differences  of  track  if  nothing  more)  cannot  be  exactly 
anticipated,  but  on  the  top  of  long  grades,  especially,  it  can  be  antici- 
pated with  confidence  that  a  very  slow  speed,  not  exceeding  10  or  12 
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miles  per  hour,  will  be  rather  the  rule  than  the  exception.  At  such 
speeds,  and  especially  at  still  lower  speeds,  there  is  every  reason  to  be- 
lieve that  the  curve  resistance  is  greater  (pars.  308,  335),  while  there  is 
no  available  momentum  to  overcome  it.  A  train  moving  at  10  miles 
per  hour  (Table  1 18)  has  only  3.55  ft.  of  *'  velocity-head."  At  a  compen- 
sation of  0.05  per  degree  (i  lb.  per  ton)  70**  of  curvature  will  destroy  this 
head  completely,  since  at  that  rate  of  compensation  each  20"  of  central 
angle  destroys  one  foot  of  vertical  head.  In  other  words,  a  train  mov- 
ing at  10  miles  per  hour,  which  could  just  continue  that  speed  on  a 
tangent,  would  be  stalled  at  once  by  seven  stations  of  10°  curve,  or,  if  by 
good  luck  not  stalled,  its  speed  would  be  reduced  so  low  that  additional 
journal-friction  (par.  640  and  Appendix  B)  as  well  as  (probably)  addi- 
tional curve-friction  would  come  in  and  ensure  stalling  on  any  closely 
following  curve. 

827,  3.  Stopping  of  trains  on  grades  from  accident  or  otherwise  is  not 
unfrequently  necessary,  and  then  it  is  entirely  clear  that  a  stoppage  on  a 
long  unreduced  curve  is  a  disastrous  disadvantage,  especially  if  it  be  on 
a  long  succession  of  curves  so  as  to  forbid  the  expedient  of  backing  down 
off  the  curve  to  get  a  fair  start.  It  is  then  strictly  true  that  it  is  the 
grade  at  that  one  particular  point  which  is  the  limiting  gradient,  and 
that  we  cannot  strike  an  average  with  lower  tangent  grades  before  and 
behind,  and  assume  it  is  the  same  thing  as  if  we  actually  had  a  uniform 
average  resistance  at  all  points. 

828t  The  rule  that  a  grade-line  should  be  unbroken  by  unreduced 
curvature  is  still  sound,  in  spite  of  the  fact  that  there  are  certain  circum- 
stances under  which  slight  and  short  SAGS  BELOW  the  grade-line  may 
be  introduced  to  save  expense  of  construction,  especially  where  economy 
in  first  cost  is  a  great  object,  as  it  is  so  much  more  often  than  is  realized 
during  the  period  of  construction.  A  sag  below  a  grade-line  and  a  rise 
above  it — which  is  what  an  uncompensated  curve  in  effect  introduces — 
are  two  entirely  different  matters. 

Thus,  if  we  have  a  1.25  per  cent 
maximum  grade,  up  which  a  train 
can  just  make  its  way  at  a  uniform 
speed  of  10  miles  per  hour,  a  rise  of 
3.55  feet  above  the  grade-line  will,  as 
we  have  just  seen,  stall  the  train.  On 
the  other  hand,  a  sag  in  a  grade-line  F,o.  isi. 

of  an  equal   amount,  as  at   C  in  the 
grade-line  AB,  Fig.  181,  not  only  does  not  endanger  a  stall,  but  actually 
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%  the  velocity  of  passing  from  A  to  B.     For  by  assumption  we 

A,  velocity  of  ten  miles  per  hour  =  (Table  Ii8)  vet.  head  of  3.55  ft. 

B.  "  ■■  "         =  "  '■  3-S5ft- 
C,  vel.  head  of  3.55  4-  3.55  =  7.10  ft.  =  (Table  118)  a  velocity  of  14.14 

miles  per  hour. 
829.  Then  by  the  laws  of  accelerated  and  retarded  motion  (see  par. 
371  or  any  text-book  on  physics)  the  average  speed  between  .4  and  C 
and  Cand  Caswell,  and  hence  between  A  and  B  =  — '- — ■■  ■  ■■  =  la.o? 
miles  per  hour— a  gain  in  average  speed  of  2.07  miles  per  hour,  or  about 
3  ft.  per  second  in  passing  over  the  sag  shown  in  Fig.  181.  the  compara* 
tive  times  being  about  3  m.  o  sec.  and  i  m.  40  sec. 

This  gain  of  time  is  for  the  same  reason  that  a  body  descending  from 
A  to  B,  Fig.  182,  over  the  difierent  paths  a,  b,  c,  d,  although  acted  on  by 
the  same  force  (gravity  acting  through 
CB),  takes  a  very  different  time  for  de- 
scending to  B,  the  cycloid  d  being  the 
"curve  of  quickest  descent."  The  re- 
sulting velocity  at  B  is  in  all  cases  the 
same,  barring  loss  by  friction,  but  the 
time  consumed  in  reaching  B  is  widely 
different. 

should  never  be 
ptional  cases  (as  to 
temporarily  save  laige 
fills  or  otherwise  reduce 
works),  to  introduce  a 
sag  below  a  grade-line;, 
which  is  never  the  cas« 
with  a  rise  above  a  grade- 
line.  Thus  the  dottea 
profile,  ibbb.  Fig.  183.  can 
certainly  be  operated  un- 
der any  and  all  circum- 
stances (if  the  sag  be  not 
too  great,  par.  435  and 
the  average  actual 


S30.  Therefore,  while  compensation  for  c 
omitted,  it  may  still  be  admissible,  i 


;  of  the  same 


Table  lai)  as  a  virtual  grade 

grade ;  but  with  the  grade-line  aaaa  this  is  not  possible,  unless  the  initial 

speed  be  very  high  or  the  points  aa  rise  but  little  abo\ 

grade-line. 
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831.  The  principle  is  the  same  as  the  one  so  familiar  to  hydraulic  engineers 
known  as  the  "hydraulic  grade-line."  If  water  is  to  be  conveyed  from  a  high 
reservoir  to  a  lower  point  of  delivery,  it  is  an  axiom  in  hydraulics  that  any  lib- 
erties whatever  can  be  taken  with  the  grade  of  the  pipes  without  afiecting  the 
discharge  in  the  least,  more  than  the  same  increase  of  length  and  curvature 
would  do  in  a  pipe  laid  to  a  uniform  grade,  provided  the  pipe  at  no  point  rises 
above  a  straight  line  connecting  the  points  of  supply  and  delivery,  which  is 
koown  as  the  "hydraulic  grade-line,"  as  on  the  line  bbbb.  Fig.  183.  If,  how- 
ever, the  pipe  rises  above  this  line,  by  however  little,  as  at  the  highest  a,  Fig. 
183,  the  discharge  will  immediately  be  reduced  to  correspond  with  the  new 
hydraulic  grade-line  passing  through  the  point  of  supply  and  tangent  to  the  now 
highest  point  on  the  pipe. 

In  theory  a  lo-mile  grade  of  50  ft.  per  mile  might  be  broken  up  into  (i)  5 
miles  of  level  and  (2)  5  miles  of  100  ft.  per  mile,  without  increasing  the  de-facto 
raling  grade  above  50  ft.  per  mile;  but  we  cannot  reverse  the  orders  of  these 
gradients,  making  the  first  last  and  the  last  first,  without  a  theoretical  as  well  as 
practical  increase  of  the  gradient  to  100  ft.  per  mile.  Even  in  the  former  case, 
the  velocity  at  the  end  of  the  first  five  miles  of  level  would  have  to  be  87f  miles 
per  hour,  assuming  an  initial  velocity  of  15  miles  per  hour.  This  is  hardly  a 
practicable  speed  for  freight  trains;  and  it  therefore  should  not  be  understood 
that  any  Considerable  sags  below  a  grade-line  are  admissible.  The  only  asser- 
tion made  is  that,  assuming  such  speed  to  be  practicable,  even  250-ft.  sags 
below  a  grade-line  would  do  no  harm,  whereas  any  rise  whatever  above  it 
would  destroy  it,  theoretically  as  well  as  practically. 


Fig.  184. 

832.  A  remarkable  instance  of  the  advantage  thus  to  be  gained  at 
times  occurred  in  the  writer's  practice,  and  is  shown  in  Fig.  184.    Near 
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the  middle  of  a  long  grade-line  which  it  was  very  desirable  to  keep  down 
to  the  lowest  limits,  occurred  a  saddle  between  two  hills,  where  support 
ing  ground  was  wholly  lost.  Consequently,  although  there  was  no  ma 
terial  difference  in  the  profile  at  any  other  point,  both  being  side*hill,  at 
this  point  any  lift  of  the  grade-line  meant  so  much  addition  to  the  fill. 
To  bring  the  grade-line  down  to  within  a  few  feet  of  the  surface  meant 
an  increase  of  the  pusher  grade  from  i.i  5  to  1.25,  equivalent  to  an  increase 
of  ruling  grade  on  a  long  d'vii»"on  from  0.4  to  0.5.  To  obtain  the  lower 
grade  required  a  very  long  fill,  containing  some  190,000  cubic  yards  when 
fully  made  (estimated  to  cost  20  cts.  per  yard);  but  by  introducing  a  sag  in 
the  grade-line  of  some  25  feet  (shown  by  dotted  lines  on  Fig.  184),  as- 
sumed as  about  the  extreme  depth  of  sag  which  it  wou.d  be  proper  to  at- 
tempt to  operate  as  a  continuous  virtual  profile,  even  temporarily,*  the 
fill  could  be  reduced  to  some  30,000  cubic  yards,  leaving  the  track  to  be 
gradually  raised  up  to  the  straight  grade-line  when  and  if  necessity 
should  appear  and  convenience  serve.  To  m^ke  the  fill  in  the  beginning 
was  not  justified  by  the  financial  status  of  the  company,  nor  by  the  time 
at  its  disposal,  nor  could  material  be  obtained  at  reasonable  cost  except 
by  train. 

833.  There  were  then  three  possibilities,  besides  that  of  making  the 
fill  complete : 

1.  That  the  grade  would  continue  to  be  operated  indefinitely  as  a  vir- 
tual straight  grade  by  the  aid  of  momentum,  tolerating  the  necessary 
velocity  of  30J  miles  per  hour  in  the  bottom  of  the  sag. 

2.  That  the  fill  would  be  raised  somewhat  from  time  to  time,  so  as  to 
reduce  the  necessary  fluctuation  of  velocity  to  less  objectionable  limits. 

3.  That  the  traffic  of  the  line  would  prove  so  thin  (it  was  very  doubt- 
ful) that  the  trains  would  for  the  most  part  be  light  and  the  necessity  for 
cither  expedient  not  be  great. 

In  this  way  it  was  possible  to  have  one's  cake  and  eat  it  too;  to  econ- 
omize as  much  as  was  otherwise  possible  against  the  contingency  oC 
future  poverty,  and  to  lose  nothing  (but  rather  gain  the  interest  on  the 
cost  of  the  fill)  in  case  the  future  should  prove  prosperous ;  foi  at  the 
worst  the  1.15  line  could  certainly  be  operated  as  a  virtual  1.25. 

So  pronounced  an  instance  of  the  legitimate  use  of  sags  in  grade-lines 
will  rarely  occur,  but  the  same  principle  may  be  availed  of  often  on  h 


*  Velocity-head  due  10  speed  of  15  miles  per  hour  (Table  118) 7.99  ft 

Add  for  depth  of  sag  below  virtual  profile 25.00  •* 

Velocity-head  in  bottom  of  sag  (giving  speed  of  30^  mHes  per  hour),  32.99  ft 
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and  exaggerated  the  probable  curve  resbtance,  we  shall  have  unneces- 
sarily increased  our  tangent  grade.  Hence,  by  assuming  a  low  rate  of 
curve  resistance  in  such  a  case,  we  can  hardly  in  any  case  lose  anything 
appreciable,  and  may  save  a  needless  loss  of  grade.  A  compensation 
rate  of  0.03  per  degree  of  curvature  may  then  be  proper,  below  which  the 
rate  of  compensation  should  never  fall. 

837.  For  the  same  reasons,  it  "may  well  happen  that  at  diflerent  points 
on  the  same  line  different  rates  of  compensation  may  be  proper.  Where 
the  loss  of  elevation  by  a  high  rate  of  compensation  is  a  very  serious  mat- 
ter, because  of  a  great  amount  of  curvature,  it  may  be  taken  at  a  mini- 
mum. At  other  points,  where  there  is  less  curvature  to  be  compensated 
and  a  higher  compensation  can  be  had  at  little  or  no  cost  it  should  then 
be  used.  The  effect  will  be  to  make  most  of  the  maximum  grade  scat- 
tered over  the  division  a  little  easier  to  handle  trains  on  than  the  longest 
or  worst  grade.  This  may  well  result  in  handling  a  car  or  two  more  than 
would  be  deemed  possible  were  the  resistance  as  great  at  two  or  three 
points  as  it  is  at  one. 

It  has  been  elsewhere  said  (see  Table  124)  than  it  is  always  worth  while 
to  keep  a  little  below  the  maximum  where  possible,  at  moderate  cost. 
This  is  only  another  application  of  the  same  principle,  but,  owing  to  the 
uncertainty  which  hangs  about  the  question  of  curve  resbtance  it  is  a 
wiser  way  of  attaining  the  same  end  than  to  reduce  the  nominal  tangent 
grade,  especially  in  the  vicinity  of  stations. 

838.  To  illustrate  the  importance  of  sometimes  varying  the  rate  of 
compensation  to  suit  circumstances,  assume  a  1.5  per  cent  average  grade. 
Fig.  185,  nearly  ten  miles  long  (500  stations — taking  a  "  mile  "  at  5000  ft. 
for  convenience  of  compulation),  subdivided  as  follows  in  respect  to 
amount  of  curvature: 

Top 

HidcUe.. 
Lower.. . 


150  stations  with  about  50°  per  mile  —  continuous  i 

{with  \  of  the  line  tangent). 
100  stations  with  about  300°  per  mile  =  "  6 


(with  i  of  the  line  tangent). 
150  stations  with  about  80°  per  mile    "  "  i\°  " 

(with  J  of  the  line  tangent). 
Assume  also  a  stopping-place  near  B;  at  the  foot  of  the  grade,  so  that 
no  assistance  from  velocity  can  be  counted  on: 

This  is  in  no  respect  an  unreasonably  or  improbably  irregular  distri- 
bution of  curvature  on  such  a  line,  nor  an  unusually  large  amount  c& 
e  for  a  cheap  line  in  rough  country.    In  all  there  will  be  150°  -|- 
°  -f  225°  —  1773°  of  curvature  on  the  ascent. 
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At  various  rates  of  compensation  for  curvature  the  grades  required 
Im  tangents  for  various  rates  of  compensation  would  be  as  follows,  as 


Fig.  185. 

the  student  will  do  well  to  determine  for  himself  by  a  brief  compu- 
tation.* 

At  0.03%  per  degree,  1.50  +    1065  =  i .  6065  per  cent. 


(< 


(( 


0.05 
o.io 


(( 


(< 


1.50  +  .1775  =  1.6775 
150 +355    =1855 


(< 


(< 


it 


It 


839.  If  the  topography  were  such  that  we  had  just  500  stations  in 
which  to  rise  750  feet,  this  would  mean,  if  we  adopted  a  compensation 
of  0.10  per  degree  instead  of  0.03  that  our  tangent  grade  (which  would 
then  certainly  be  the  governing  one,  because  we  have  adopted  a  compen- 
sation which  will  CERTAINLY  bring  the  resistance  on  curves  below  that 
on  tangents)  will  be  greater  by  0.25  per  cent,  or  5  lbs.  per  ton,  than  with 
the  lower  rate  of  compensation.  In  other  words,  in  order  to  secure  the 
wholly  or  almost  wholly,  worthless  end  that  trains,  when  and  if  they 
stall,  shall  stall  always  on  tangents  and  never  on  curves,  we  have  greatly 
increased  the  chances  on  their  stalling  on  tangents,  on  the  top  or  bottom 
sections  of  the  grade  at  least  where  the  tangents  are  the  longest; — 
a  plain  act  of  folly. 

840.  But  this  is  but  one  side  of  the  question.  The  total  rise  in  feet 
and  the  elevation  of  intermediate  points  would,  under  the  various  as- 

♦  Knowing  approximately  the  total  degree  of  central  angle  on  any  grade, 
we  have  only  to  multiply  the  total  by  the  assumed  rate  of  compensation  to  find 
how  much  total  elevation  will  be  lost  by  the  compensation.     The  elevation 
divided  by  the  length  of  the  grade,  will  give  the  rate  by  which  the  tangent  maximum 
must  be  increased  to  introduce  the  compensation. 
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Bumed  rates  of  compensation,  have  to  be  as  shown  in  Table  186;  and  it 
wil  be  seen  that  the  middle  point  c  of  the  entire  grade  comes  at  about 
the  same  elevation  with  either  rate  of  compensation,  but  that  there  is  a 
material  difference  in  the  height  of  the  grade-line  at  the  beginning  and 
end  of  the  middle  sections  Cand  D,  or  at  the  "quarter  points"  of  t)ic 
grade.  While  the  through  uncompensated  grade-line  falls  as  sLown  bj 
ine  dotted  line,  the  effect  of  introducing  the  curve  compensailon,  b} 
whatever  rate,  is  to  give  a  profile  like  the  solid  line,  the  point  C  being 
from  II J  to  38  feet  higher  than  before,  and  the  point  Z?  from  9  to  31  feet 
lower,  according  to  the  rate  of  compensation. 


Table  186. 

Illustrating  the  Effect  op  Different  Rates  of  Curve  Compensation 
TO  Modify  the  Elevation  of  Intermediate  Points  on  Long  Grade- 
Lines. 

[Based  on  the  data  of  par.  838  and  Fig:.  1^5*] 


(Foot  of 

Grade.) 

B 

C 

c 

D 

£  (summit). 


1.5 
Stratfirht. 

No  compensa- 
tion. 


Rise. 

•  •  •  • 

225 
150 
150 
325 


Eleva- 
tion, 
o. 

225. 

375- 

525- 

750- 


1.606;^ 

Tangent  Grade. 
.03  compensation. 


Rise. 

236.48 
142.65 
136.65 
234.22 


Eleva- 
tion. 
0.00 

236.48 

379- »3 
515-^8 
750. 


^        '-^775      ^ 
Tangent  Grade. 
.05  compensation. 


Rise. 

244.12 

137-75 
127.75 

940.38 


Eleva- 
tion. 
0.00 

244. 12 
381.87 
509.62 

750- 


Tangent  Grade. 
.  zo  compenb«L«o2i. 


Rise. 

•  •  •  •  •  • 

263.25 
125.50 
105.50 

ass -75 


Eleva- 
tion. 
0.00 

263.25 

388.75 
494. '-«4 
750. 


Difference  in  Resulting  Elevations  at  Various  Points  on  the  Grade^  from  tk§ 

Straight  Tangent  Grade, 


i9 (foot  of  grade). 


f 

D 

M  (summit). 


Constant 

11.48  ft.  higher, 

4  13 "        "       . 

9.22  "    lower .. 

Constant 


38.25  ft.  higher, 

13.7s"        " 
30.76"   lower. 


Topographical  conditions  will  sometimes  permit,  but  will  more 
usually  forbid  assummg  that  we  have  such  leeway  in  the  necessary  posi- 
tion of  the  grade,  thus  depriving  us  m  a  measure  of  the  privilege  of  free 
choice. 

84K  Now  suppose,  on  such  a  grade,  that  the  middle  aor*  stations  or 
about  4  miles,  on  which  most  of  the  curvature  is  budlSd.  ik'is  so  situ* 
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ated  as  to  make  it  essential  to  rise  only  some  230  feet,  unless  consider- 
able extra  expense  were  to  be  incurred,  while  at  the  same  time  the 
character  of  the  line  elsewhere  was  not  such  as  to  admit  of  a  lower 
maximum  tangent  grade.  Under  these  circumstances,  which  may  fre- 
quently occur,  it  would  be  a  great  error  not  to  reduce  grade  on  curves  by 
the  full  amount  which  the  topographical  conditions  made  possible  with- 
out loss  up  to  even  o.io  per  cent  per  degree  of  curve,  in  the  existing 
state  of  our  knowledge,  even  if  at  other  points  we  used  less.  In  that 
case,  if  we  have  overestimated  the  probable  or  possible  resistance  on 
curves,  it  is  not  likely  to  do  harm,  because  the  large  amount  of  curva 
ture  and  small  amount  of  tangents  will  enable  any  excess  of  resistance 
in  the  latter  to  be  equalized  by  momentum,  whereas  if  -we  have  under- 
estimated the  curve  resistance  a  similar  effect  is  not  possible,  or  at  least 
not  as  fully  possible,  on  account  of  the  greater  length  of  curves. 

On  the  upper  and  lower  sections,  where  tangents  prevail  and  curves 
are  the  exception,  the  opposite  principle  prevails.  If  the  curve  compen- 
sation be  too  little  it  will  be  equalized  easily  enough  by  momentum  on 
short  and  infrequent  curves,  so  that  the  result  will  be  the  same  in  effect 
as  if  the  balance  were  exact. 

842.  Under  the  circumstances  of  the  example  just  considered,  as- 
suming the  middle  part  of  the  grade  to  be  fixed  as  just  assumed,  the 
proper  course  to  pursue  with  the  lower  part  of  the  grade  would  be  to 
ease  its  rate  a  little,  if  circumstances  permitted  doing  so  at  little  or  no 
expense ;  otherwise,  to  reduce  its  virtual  rate  by  the  simple  expedient 
of  removing  the  stopping  point  at  the  foot  of  the  grade  some  distance 
from  it,  so  as  to  ensure  gaining  something  by  momentum.  A  speed  of 
^5  miles  per  hour  at  the  foot  of  the  grade  reduced  to  10  miles  per  houf 

y    at  Cwill  (Table  118)  ensure  a  gain  from  surrendered  energy  of  22.20  — 
3.55  =  18.65  vertical  feet  (see  Fig.  185),  which  will  reduce  the  grade  on 

the  first  150  stations  by  — —  =0.124  per  cent,  and  so  secure  an  equality 

with  the  virtual  grade  of  the  next  section  above,  even  with  the  lowest 
possible  rate  of  curve  resistance.  The  curve  compensation  on  this  lower 
section  should  in  any  case  be  small,  whatever  it  may  be  on  the  middle 
section  just  above. 

843.  On  the  upper  section  DE,  assuming  the  lower  and  middle  sec- 
tion to  have  been  fixed  as  above,  an  effort  will  naturally  be  made  to 
lengthen  the  line  a  little  at  the  upper  end  at  the  expense  of  a  moderate 
amount  of  distance  and  curvature,  so  as  to  give  a  gradient  DF  instead 
of  DE,  Fig.  185  ;  but  if  this  be  not  possible,  the  disadvantage  will  not  be 
very  serious.    Our  case  will  be  this :   By  virtue  of  an  excess  in  rate  of 


bk^ 
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curve  compensation  we  have  the  broken  virtual  gradient  ACDE  in- 
stead of  the  straight  grade  BE,  which  is  of  course  preferable.  The  dis- 
advantage at  the  lower  end,  which  would  naturally  be  the  most  serious 
(par.  828),  since  it  carries  our  virtual  gradient  above  the  grade-line  BE^ 
which  we  desire,  we  have  neutralized  by  momentum.*  The  disadvan- 
tage at  the  upper  end,  since  it  merely  carries  our  profile  a  little  below 
the  grade-line,  will  in  great  measure,  if  not  entirely,  neutralize  itself  by 
momentum. 

In  this  way  we  have  done  the  best  which  can  be  done  to  avail  ourselves 
^f  every  chance  in  our  favor,  whereas  by  assuming  any  hard-and-fast  rule 
whatever,  and  then  following  it  blindly  (as  we  might  be  justified  in  doing 
if  we  knew  it  was  correct),  we  are  certain  to  lose  something,  and  may  lose 
a  good  deal. 

844.  Our  practical  conclusions  as  to  rate  of  curve  compensa- 
tion, therefore,  may  be  summarized  as  follows: 

1.  With  short  grades  or  under  favoring  topographical  condi- 
tions compensate  as  liberally  as  possible  up  to  a  maximum  at 
special  points  of  o.io  per  cent  per  degree. 

2.  Where  speed  may  sometimes  be  very  low,  and  hence  in- 
variably on  or  very  near  to  known  stopping-places,  this  maxi- 
mum rate  appears,  with  our  present  knowledge,  none  too  much. 
In  general,  however,  0.05  per  cent  per  degree  (=  i  lb.  per  ton) 
is  an  ample  equivalent  for  curve  resistance,  and  for  fast  trains 
alone  probably  0.02  to  0.03  per  cent  (=  0.4  to  0.6  lb.  per  ton) 
is  sufficient  to  balance  the  resistance. 

3.  On  sections  where  curves  largely  predominate  over  tan- 
gents it  is  particularly  desirable  to  have  ample  compensation,  and 
if  excessive  it  will  do  least  harm.     On  the  contrary, 

4.  On  sections  where  the  amount  of  curvature  is  small  it  is  less 
important  to  have  full  compensation,  and  if  excessive  it  will  do 
most  harm. 

5.  When  the  rate  of  compensation  can  only  be  increased  at  the 
CERTAIN  cost  of  a  Corresponding  increase  in  the  rate  of  tangent 
grades  (making  very  sure  that  it  is  certain,  and  not  an  over-hasty 

*  The  word  **  momentum"  here  and  elsewhere  is  used  in  a  somewhat  un- 
scientific way,  to  correspond  with  the  popular  use  of  the  word.  The  scientist 
will  not  be  confused  thereby,  while  the  average  reader  is  assisted. 
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First.  The  inherently  greater  costliness,  not  of  curvature 
measured  by  degrees^  but  of  sharp  curvature  instead  of  easy 
curvature /ic?r  approximately  the  same  number  of  degrees.  In  other 
words,  the  greater  wear  and  tear  of  track  and  rolling-stock,  con- 
sumption of  fuel,  danger  of  accident,  loss  by  decreased  speed, 
etc.,  which  results  from  using  100  feet  of  10°  curvature  instead 
of  1000  feet  of  I®  curvature  for  deflecting  the  line  through  a  cen- 
tral angle  of  10°,  or  from  using  900  feet  of  10**,  and  550  feet  of 
tangent  at  each  end,  for  deflecting  through  an  angle  of  90°,  as  in 


•  *-/.- .Tj 


Fig.  186. 
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Fig.  187. 


[There  is  a  certain  loss  of  distance,  <za,  in  using  the  sharper  instead  of  easier  curve,  whidi  ia 

not  referred  to  in  the  text.    See  par.  859.] 

Fig.  187,  instead  of  using  1800  feet  of  5°  curve  and  oniy  50  feet 
of  tangent,  as  in  Fig.  186. 

Secondly.  The  limiting  effect  of  sharp  curvature  on  the 
weight  and  length  of  trains,  provided  it  be  sharp  enough  to  have 
such  effect.     9ome  is,  and  some  is  not. 

848.  In  other  words,  we  are  here  met,  upon  the  threshold  of 
the  subject,  with  a  distinction  precisely  analogous  to  that  which 
we  have  already  found  (par.  361)  to  exist  in  the  case  of  gradients. 
All  grades,  without  distinction  and  wherever  situated,  entail  a 
certain  additional  expense  per  train  passing  over  them;  and  in 
addition  to  this  the  highest  rate  of  grade  entails  a  certain  and 
much  greater  expense  which  does  not  appear  at  all  in  the  ex- 
penses per  train-mile  (except  as  it  may  tend  to  decrease  them  by 
shortening  trains),  but  solely  in  an  increase  in  the  number  of 
trains.  In  like  manner,  all  curves,  without  distinction,  entail  a 
certain  additional  expense  per  train  passing  over  them  for  every 
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degree  of  the  curve,  and  this  cost,  it  may  be, — or  may  not  be, — 
increases  rapidly  with  the  sharpness  of  the  curve;  but  in  addi- 
tion to  this,  the  sharpest  curve  (or  curves)  on  the  line,  if  it  be 
tharp  enough^  will  have  the  further  effect  of  limiting  the  weight 
and  length  of  trains.  In  fact,  if  made  sharp  enough,  it  will  so 
severely  limit  the  weight  of  trains  as  to  make  it  impossible  to 
run  any  trains  at  all. 

At  a  certain  definite  radius,  therefore,  the  expense  and  loss 
arising  from  short  radii  take  a  sudden  jump.  The  inherent 
cost  per  train-mile  per  degree  of  sharp  instead  of  easy  cwrv^Xwrt. 
continues  on  as  before,  and,  in  addition  thereto,  there  is  the 
large  additional  expense  caused  by  the  limiting  effect  of  any 
shorter  radius  upon  the  weight  of  trains. 

849.  It  is  plain  that  the  point  at  which  this  sudden  jump  will 
or  may  occur  is  intimately  connected  with  and  depends  upon 
the  rate  of  the  maximum  grade,  because  the  higher  the  grade 
the  greater  the  resistance  on  a  tangent,  and  hence  the  sharper 
the  curve  which  may  be  used  (i.e.,  which  it  is  possible  to  use)  on 
levels  or  minor  gradients  without  any  limiting  effect  on  trains. 
Hence  the  shorter  the  trains  which  can  be  hauled  independent 
of  the  sharpest  curve,  the  shorter  the  radius  which  may  be  freely 
used  on  levels  or  minor  gradients  without  affecting  the  number 
of  trains  required  for  a  given  business. 

850.  Now,  just  as  in  the  case  of  gradients,  this  distinction 
between  these  diverse  sources  of  expense  is  one  which  must  be 
carefully  kept  in  mind  if  any  correct  and  intelligent  decision  as 
to  the  limit  of  maximum  curvature  is  to  be  reached. 

In  the  first  place,  it  needs  no  great  effort  of  mind  to  perceive 
that  the  first  item  mentioned  above,  the  inherent  costliness  of 
sharp  curvature, — that  portion  which  is  visible  in  increased  wear 
and  tear  and  expenses  per  train-mile, — affords  no  ground  for  the 
fixing  of  any  arbitrary  and  inflexible  standard  or  limit,  nor 
should  it  be  considered  or  allowed  to  have  any  weight  what- 
ever in  ascertaining  at  what  radius  to  fix  that  limit.  For,  mak- 
ing for  a  moment  the  exaggerated  estimate  that  the  cost  of 
curvature  per  degree  increases  as  the  square  of  the  degree  of 
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the  curve,  it  may  easily  be,  and  often  is  the  case  at  certain 
points,  that  the  cost  of  construction  will  vary  as  the  cube  of  the 
radius,  and  hence  a  sudden  sharp  ravine  or  rocky  spur  might 
justify  and  require  a  12®  or  15°  curve  for  this  account  alone, 
although  3°  or  4°  curves  were  the  maximum  on  all  the  rest  of 
the  line.  But  what  we  then  require  to  determine  is:  Will  any 
such  curve  have  the  further  effect  of  limiting  the  weight  of  trains 
over  the  whole  line,  or  injuriously  restricting  speed  ?  For  in 
that  case,  plainly,  a  large  additional  expenditure  will  be  justifi- 
able to  increase  its  radius. 

851.  This  latter  expenditure  does  not  vary  with  the  number 
of  curves,  as  does  the  wear  and  tear,  but  is  a  certain  fixed 
amount,  which  can  alone  be  used  to  take  out  such  curves,  how- 
ever many  or  few  they  may  be,  and  must  be  distributed  to  one 
curve  or  to  fifty,  according  to  their  number.  This  fact  alone  is 
sufficient  to  show  the  essential  dissimilarity  between  it  and  the 
sum  which  represents  tlie  direct  or  inherent  disadvantage  of 
using  short  instead  of  long  radii.  As  the  latter  is  always  so 
much  per  sharp  curve,  or  per  degree  of  sharp  curvature,  it  always 
hiis  its  effect — much  or  little,  as  the  case  may  be — on  the  justifi- 
able expense  to  increase  the  radius  of  each  particular  curve,  for 
it  is  to  be  added  in  each  case  to  the  proportion  for  that  curve  of 
the  estimated  value  of  avoiding  any  limiting  effect  from  its 
radius;  but  it  does  not  form  an  element  in  fixing  the  point  at 
which  limiting  effect  begins,  and  hence  should  be  allowed  no 
weight  whatever  in  ascertaining  that  limit. 

All  this  seems  clear  enough  when  the  attention  is  specially 
directed  to  it,  but,  as  with  many  other  problems  which  advance 
from  simple  premises,  it  requires  a  constant  effort  of  the  mind 
to  keep  it  always  in  view.  Hence,  although  it  has  no  real  or 
necessary  connection  with  our  present  subject,  we  may  first 
briefly  consider 

THE    INHERENT    COSTLINESS   OF    SHARP    CURVATURE. 

852.  For  the  consideration  of  this  question  all  actual  or  possible  lim- 
iting effect  from  curvature  on  the  length  or  speed  or  easy  riding  of  trams, 
or  the  use  of  any  desired  type  of  locomotive,  must  be  disregarded.    Such 
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injurious  eflfect  as  the  sharpest  curves  may  have  on  these  details,  if  any, 
is  another  matter.  The  question  is  simply — as  between  the  two  methods 
shown  in  Figs.  1S6.  187 — of  turning  an  angle  of  90''  within  a  distance 
of  1900  feet  of  track  :  Which  adds  the  most  to  the  operating  expenses 
per  train  due  to  that  1900  feet — the  method  of  Fig.  186,  showing  1800 
feet  of  5**  curve  and  50  feet  of  tangent  at  each  end,  or  that  of  Fig.  187, 
with  900  feet  of  10**  curve  and  500  feet  of  tangent  at  each  en'"  ? 

853.  Rigorously  excluding  all  thought  of  possible  limiting  effect 
from  the  mind,  it  is  very  difhcult  to  see  reasons  why  the  inherent  cost  of 
curvature,  per  train-mile  per  degree,  should  be  in  the  least  increased  by 
using  short  instead  of  long  radii,  i.e.,  by  using  100  ft.  of  10°  curve  instead 
of  1000  ft.  of  I®  curve,  to  cover  the  same  central  angle.  The  wear  and 
cost  of  rails  appear  from  superficial  investigations  (the  writer's  among 
others:  see  par.  317)  to  indicate  that  rail  wear  increases  faster  than—or 
even  (as  the  writer  once  suggested)  as  the  square  of — the  degree  of 
curvature ;  but  this  is  a  purely  deceptive  appearance,  due  to  the  fact  that 
the  rate  of  wear  increases  as  the  rails  become  worn  to  '*  fit  the  flange" 
(par.  338),  and  thus  expose  a  greater  area  to  rubbing  friction.  It  is  plain 
that  at  any  given  date  in  a  large  lot  of  rails  laid  at  the  same  time  those 
on  the  sharper  curves  will  have  fulfilled  a  greater  proportion  of  their  total 
life,  and  hence  will  have  begun  earlier  to  wear  more  rapidly.  From  a 
more  correct  comparison  of  all  the  data  it  appears  rather  as  if  both  curve 
resistance  and  rail  wear  (and  hence  fuel  consumption)  increased  more 
slowly  instead  of  faster  than  the  degree  of  the  curve  (par.  311).  If  so, 
the  total  RAIL  WEAR  caused  by  10°  of  central  angle  will  be  less,  rather 
than  more,  on  a  10°  curve  than  on  a  1°  curve.  While  this  cannot  as  yet 
be  positively  asserted,  it  may  be  regarded  as  certain  that  the  balance  is 
at  least  even. 

854i  It  may  with  far  more  certainty  be  claimed  that  the  cost  of  main- 
tenance OF  road-bed  and  track  is  considerably  decreased,  per  de- 
gree of  central  angle,  by  the  use  of  short  radii,  because  a  good  portion  of 
it  is  nearly  constant  per  100  feet  of  curve,  regardless  of  radius,  such  as 
the  extra  cost  of  lining,  maintaining  uniform  and  proper  elevation,  and 
the  shorter  life  of  ties,  in  order  that  they  may  be  capable  of  sustaining 
the  lateral  reaction  of  the  rails,  which  latter  is  theoretically  (although 
probably  not  quite  practically)  the  same  on  all  curves  (par.  311). 

It  would  be  a  most  liberal  estimate  to  assume  that  the  additional  cost 
per  station  for  maintaining  road-bed  and  track  due  to  curvature  increases 
as  the  square  root  of  the  degree  of  curvature,  makmg  it  3.16  times  as 
much  per  100  ft.  of  line  on  a  10°  curve  as  on  a   1°  curve,  or  makmg 
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/he  additional  cost  due  to  A"  of  centnil  angle  compare  as  i.o  on  a  i° 
curve  to  3.16  on  a  10°  curve.  This  entire  item  is  a  small  one,  but  so  far 
as  it  goes  it  is  distinctly  favorable  to  the  use  of  sharp  instead  of  easy 


859.  Figs.  186,  187  are  literal  copies  of  diagrams  which  the  writei 


submitted  to  two  or  three  of  tlie  most  thoughtful  practical  road-tnasters 
of  his  acquaintance  for  an  opinion  as  to  probable  comparative  mam- 
tenance  espenses.     The  reply  of  one  of  them  was  as  follows : 

"  Assuming  a  tie  to  last  S  years  on  tangent  it  will  last  about  6  years  on  a  to° 
curve,  so  as  to  keep  gauge  safe,  and  we  will  say  7  years  on  the  5'  curve.  Then— 
f-or  10°  Uni—Qrax  at  ties  for  eight  years  on  looo-ft.  tangent, 

^00  lies  al  50  cts. $150  00 

450  ties  on  goo  ft.  of  10*  curve  at  50  cts.  =  (iij  (or  6  years, 

=  for  B  yean 300  00— fsso  00 

fur  s°  iiiif — Cost  of  ties  tor  8  years  on  loo-f(.  tangent,  50 

Qoo  lies  for  iSoo  ft.  of  5°  curve,  at  50  cts.  =  $450 for  7  years 

=  tor  8  years SM  30— (539  30 

"  Therefore  there  is  a  saving  of  ((0.70  at  the  end  of  S  years  in  favor  of  the 
_,-  line,  and  we  may  conclude  that  the  maintenance  of  line  and  surface  will  bear 
the  same  proportion  as  lies. 

"  According  to  ihts  figuring  there  is  a  saving  of  about  2  per  cent  in  main- 
tenance in  tailing  the  5°  line.  This  is  small,  and  in  looking  al  the  two  lines  in 
all  Ihcir  bearings  I  believe  the  10°  line  is  the  preferable  one  for  mainienaoce,  ■« 
on  it  we  get  more  tangent  than  curve,  while  the  5°  for  the  same  distance  U 
nearly  all  curve  and  very  little  tangent." 

The  fallacy  in  the  first  part  of  this  estimate,  which  was  perceived  but 
not  located,  lies  in  assuming  that  a  5°  curve  will  only  diminish  the  Itfe 
of  a  tie  half  as  much  as  a  10°  curve,  which  is  hardly  so.  the  flange  pres- 
g 'I re  being  the  same  on  both.     Moreover,  the  extra  work  ot  linins  and 
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cnnacfiig'  is,  still  more  nearly,  so  much  per  lineal  foot  of  curve,  regardless 
of  the  radius. 

856.  The  wear  and  tear  of  wheels  and  running  gear  of  rolling- 
iitock  will  naturally  follow  the  same  general  law  as  the  rail  wear,  so  that 
It  may  be  considered  to  vary  directly  as  the  degree  of  curvature,  remain- 
ii  g  constant  per  degree  of  central  angle. 

857.  Moreover,  the  total  cost  of  repairs  of  rolling-stock  and  track,  for 
those  items  which  are  at  all  liable  to  be  affected  by  the  wear  and  tear 
and  loss  of  power  on  curves,  is  very  small,  as  thus : 

Per  cent  of 
total  expenaet. 

Engines^  19  per  cent  only  of  the  total  cost  of  repairs  appears  to 
vary  with  curvature  and  grades  (Table  85);  19  per  cent  of  5.6 
per  cent  (Table  80), =       1.07 

Cars  (Table  86),  23  per  cent  appears  to  vary  as  above;  23  per  cent 

of  10.0  per  cent  (Table  80) =       2.30 

^ai/r,  say  50  per  cent  of  2.0  per  cent, =       i.oo 

/ju/,  say  10  per  cent  of  7.6  per  cent, =       0.76 

A  total  per  cent  of  only 5.13 

Thus  only  about  5  per  cent  of  the  total  operating  expenses  is  likely  to 
be  affected  at  all  by  curvature,  and  a  good  part  of  that  only  slightly,  and 
a  good  part  of  what  remains  by  sharp  and  easy  curvature  of  equal 
amount  nearly  equally. 

858.  It  is  also  to  be  remembered  that  sharp  curves  lengthen  short 
TANGENTS,  as  is  dearly  brought  out  by  Figs.  186,  187 — an  advantage 
which  facilitates  what  would  otherwise  be  impossible,  the  use  of  easy 
transition  curves  (see  Index),  and  hence  may  be  made  to  greatly  decrease 
the  unavoidable  shock  in  entering  and  leaving  curves. 

859.  The  effect  of  a  change  of  radius  on  the  total  length  of  the 
LINE,  although  apparently  pertinent,  has  no  real  bearing  on  this  ques- 
tion. The  use  of  sharp  curvature  always  increases  the  length  of  the  line 
between  the  same  tangents  by  the  amount  aa.  Fig.  187,  and  has  besides 
a  marked  further  tendency  both  to  increase  the  length  of  the  line  and  to 
increase  the  degrees  of  central  angle,  because  of  the  differences  of  loca- 
tion which  naturally  result.  But  the  disadvantage  of  this  extra  length 
and  curvature  is  a  matter  fo/  separate  estimation,  because  it  is  not  an 
essential  and  unavoidable  feature  of  a  mere  change  of  radius,  and  hence 
does  not  directly,  although  it  commonly  will  indirectly,  affect  the  deci- 
sion in  favor  of  using:  easy  curvature.  In  fact,  although  it  rarely  occurs 
in  practice,  it  is  not  in  the  nature  of  things  impossible,  that  the  use  of  a 

41 
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shorter  radius  should  result  in  a  decrease  of  both  distance  and  degrees 
oi  central  angle.  On  a  small  scale  it  very  frequently  does  so,  in  the  man- 
m^  outlined  in  Fig.  188. 


Fig.  y88. 

860.  On  the  other  hand,  it  may  well  happen  tliat  the  adoption  of  a 
location  adapted  to  short  radii  would  double  the  amount  of  curvature 
and  that  the  estimated  cost  of  this  would  be  more  than  the  estimated 
saving  on  construction.  In  that  case  the  short  radii  would  not  be  used, 
but  they  would  be  abandoned,  not  because  of  the  sharpness  of  the  curv- 
ature, but  because  there  was  so  much  of  it. 


Fig.  189. 

861.  The  loss  or  gain  in  distance  by  connecting  any  two  given  tangents  wUH 
one  curve  instead  :)f  another,  Fig.  1G9,  may  be  very  simply  deurmi4.cd  :3 
fallows: 

To  DETERMINE  THE  DIFFERENCE  IN  LENGTH  OF  LINE  Via  ANY  TWO 
CURVES   OF   DIFFERENT   RADII,  CONNECTING   THE   SAME   TANGENTS: 

Let  /  =  length  of  longer  curve,  of  />",  with  tangents  T\ 


4« 


/' 


!• 


•*  shorter 


(( 


D' 


«« 


<( 


T\ 
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IDT 
Then  geometrically  Y'  ~Ty^  ^*   ''  ^^  assume,  as  for  all  practical   pur- 
poses we  may, — if  curves  of  over  8*  or  10*  arc  run  in  with  50-foot  chords, — that 
the  degree  of  curvature  is  directly  as  the  radius. 

Then  /'  =  ^  /  and  T'  =  — 7;  T-  7  '  =  (i  -  ^)  T, 

Letting  L  =  the  length  via  any  one  of  the  sharper  curves  shown  in.  Fig.  189, 
from  tangent-point  to  tangent-point  of  any  curve  of  longer  radius  (from  T  to 
7*)  we.  have 

Z  =  /'  +  2(7'-7'')  =  ^/+27(i-~), 

D  —  D 

=  (27--/)—^-. 

But  the  value  of  2  7'  —  /  for  a  /?*  curve  is  to  its  value  for  a  1°  curve  as  -=r-. 

Consequently,  tabulating  (2  7*—  /)  for  a  i**  curve,  we  have  as  the  difference  in 

the  length  of  the  line  via  any  ttvo  curves  of  D  and  D'  degrees^  connecting  the  same 

tangents  : 

I        D-D 
=  tabular  number  X  7:  X  — jr, — 

D-D 
=  tabular  number  X  —7-771 — 

D'D 

.    ,  .  difference     .    ,  .  . 

=  tabular  number  X  — =^— ; of  the  two  degrees  of  curvature, 

product 

952,  Table  187  gives  such  a  tabulation  for  angles  differing  by  i*  up  to  130*. 
The  *'  tabular  number"  is  simply  the  difference  between  the  length  of  a  i** 
curve  of  any  given  central  angle  and  the  lengths  of  its  tangents.  It  is  there- 
fore given  for  any  angle  whatever  by  the  formula 

T  —  tan  \I  X  5730  X  2  -  100/; 

i(    which  T~  tabular  number  for  Table  187, 

/  =  intersection  angle  in  degrees. 

The  problem  i«s  rarely  one  of  practical  importance,  since  two  curves  of  con- 
siderable difference  in  radius  rarely  connect  the  same  tangents,  but  is  some- 
times convenient  for  determining  the  effect  of  minute  changes.  For  the  two 
.'urves  shown  in  Figs.  1S6.  1S7.  we  have — 

Tab.  no.  for  90'  (Table  iS,)  =  2459.3  X  ^  ( — --— )  =  246  feet  loss  of  distance 

^lO  j\  5 ' 

by  the  10*  curve. 
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Table  187. 

Difference  in   Length   of   Line  vid  any   Two  Curves  of  Different 

Radii,  connecting  the  same  Tangents. 
[To  determine  the  required  diif  erence,  multiply  the  tabular  number  below,  correspondiiig 


to  the  given  central  angle  by  the 


product 


of  the  two  degrees  of  (xrvatora.] 


0 

1 

2 

3 

4 

5 

e 

7 

8 

9 

©• 

o.oc 

0.00 

C.03 

0.08 

o.x6 

0.33 

0.56 

0.88 

i.3t 

auC 

io» 

3.56 

3.4c 

^•.43 

5.63 

7.0a 

8.64 

Z0.50 

Z8.60 

14.9S 

iF.fifc 

ao« 

30. 6 

33.8 

37.4 

31-4 

35.8 

40.4 

45.6 

5X.3 

57.8 

6^.0 

3o* 

70.6 

78. c 

86.0 

94.3 

XC3.4 

XX3.3 

X33.4 

X34a 

145.8 

Z58.0 

4o'» 

170.8 

X84.4 

198.8 

3x4.0 

339.8 

346.6 

364.3 

-383.6 

303.0 

389.4 

5o» 

343-6 

365.8 

389.0 

4x3.4 

438.8 

465.4 

493 -o 

53X.8 

SSa.o 

583.4 

6o«> 

616.0 

65c.  0 

685.4 

733.3 

760.6 

800.4 

84X.8 

884.8 

939.4 

97S.8 

70* 

1033.8 

IC73.8 

ZZ85.6 

1x79.4 

"35.3 

X393.0 

X353.0 

X4X5.8 

1479.6 

X546H 

So* 

16x5.4 

1687.3 

X76X.4 

1838.4 

19x8.0 

aoo6.o 

3086.0 

3x74.4 

3366.3 

83011  vO 

^o" 

3459-4 

356X .0 

3666.4 

3775.6 

2888.6 

3005.6 

3x26.8 

325a. 4 

3383.4 

35«7.a 

JOO" 

3656-4 

380Z.3 

395* -o 

4x06.4 

4267.3 

4434.0 

4607.0 

4786.4 

497a. 4 

5i«S-4 

iio» 

5365-6 

5573.4 

5789 -a 

60x3.2 

6345.8 

6487.6 

6738.8 

6999.8 

737X.4 

7S54^ 

lao* 

7848. c 

This  table  is  not  correct  to  the  nearest  tenth,  but  only  to  the  nearest  even  two-teiifli&. 
As  a  certain  small  fraction  only  of  ti  -  tabular  number  is  to  be  taken,  the  error  was  noi 
deemed  of  enough  moment  to  require  ecomputation.  The  table  gives  merely  the  diffe> 
ence  between  the  length  cf  the  two  tangents  to  ji  i<*  cvrve  and  the  length  of  its  arc,  fac 
any  given  central  angle. 


363i  Precisely  this  same  method  of  analysis  will  enable  us  to  determine  st 
once  the  difference  between  the  radius,  long  ehord,  middle  ordinate,  tangent, 
or  any  other  function  of  any  two  similar  curves  if  we  know  the  value  of  the 
same  function  for  a  similar  1°  cnrve.  Thus  the  difference  between  the  TadU  of 
a  5**  and  10'  curve  is 


nd  jetwecn  a  7°  and  8**, 


6730  X  1^^=573.0  feet; 
S730  X 1^  =  -^^  =  102.3  feet. 


864i  From  all  the  considerations  which  have  been  suggested 
together  we  may  perhaps  assume  that  the  inherent  cost  cf  curv- 
ature per  train-mile  is  independent  of  the  radius,  or  at  least  does 
not  increase  appreciably  with  the  sharpness  of  the  curve,  arc'  this 
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▼iew  simplifies  a  decision  as  taih«4i«)itol  i^dius.  But  whether 
this  view  be  entirely  corrector  not  is  a  matter  of  perfect  indiffer- 
ence for  deciding  the  problem  immediately  before  us,  as  it  is 
hoped  iias  been  made  perfectly  clear. 

Dismissing,  therefore,  from  our  minds  this  confusing  and  irrel- 
evant question,  we  will  now  confine  our  attention  exclusively  to 
the  LIMITING  EFFECT  of  curvature  as  the  only  cause  which  justi- 
fies  the  fixing  of  any  arbitrary  limit  whatever  to  the  sharpness 
of  curves. 

THE  LIMITING   EFFECT   OF  CURVATURE. 

865.  Curvature  may  liave  a  limiting  effect  in  three  ways  : 

1.  Ft  may  forbid  the  use  of  certain  types  or  weights  of  en- 
gines, or  so  impede  it  as  to  make  it  practically  inexpedient.  The 
extent  to  which  this  cause  does  or  may  operate  has  been  already 
considered  (par.  285  et  seq.^  and  found  to  be  small. 

2.  It  may  impede  the  running  of  trains  at  high  speeds  by  the 
necessity  of  frequently  checking  speed  or  maintaining  a  low  rate 
of  speed  for  considerable  distances  Wiien  the  intervals  between 
the  sharper  curves  are  small. 

3.  It  may  compel  the  hauling  of  shorter  trains  by  its  addition 
to  curve  resistance. 

The  second  cause  has  been  already  considered  from  the  me- 
chanical side  (in  par.  268  ei  seq.)  and  found  to  appreciably  affect 
passenger  trains  alone. 

866.  As  a  business  question,  the  effect  which  we  there  saw 
sharp  curves  to  have  on  tiie  safe  speed  shows  their  use  to  be  on 
many  roads  of  heavy  passenger  traffic  a  consideration  of  extreme 
importance,  justifying  and  requiring  an  extremely  low  limit  of 
curvature.  Nevertheless,  under  average  conditions,  the  same 
facts  show  it  to  be  one  of  minor  importance. 

867.  It  depends  chiefly  on  a  road  of  any  given  character  on  the 
amount  and  disposition  of  the  sharp  curvature.  Thus  on  the  ele- 
vated railways  of  New  York,  with,  perhaps,  the  heaviest  passen- 
ger traffic  in  the  world,  a  few  excessively  sharp  curves  are  used, 
such  as  those  shown  in  Figs.  189,  190,  191.     These  are  not  found 
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Fig.  1S9.— RBriRsiD  Cini¥ms  or  c»  Fbbt  Minimuk  Radiih  fob  Tuiwing  Right  AkouI  0« 

MA^H»rr*[^  Railway.  Sisth  Av..  Line. 

There  are  (our  right-anElsd  turns  on  the  SiJlh  Awnue  line  sinoilar  id  substance  to 
Pie.  i8g.  In  order  to  be  able  to  turn  within  the  street  hitiits  short  reversed  currei  were 
inlroducfd,  making  the  total  of  the  central  angles  134°  34',  or  44'  34'  oiier  the  necessary 
riEhl  angle.  The  dotted  curve  of  200  feel  radius  |or  about  39"  instead  of  63*),  show* 
with  how  little  encroachment  on  private  property  the  raiiius  could  be  more  than  doubled. 
In  Fig.  1911  the  dotted  ali£nment  would  save  212°  30'  —  144°  =  68°  30'.  besides  nearlif 
doubling  the  radius.  About  Soo  trains  per  day  pass  around  these  curves.  The  shortest 
interval  or  ■■  headway"  between  trains  is  only  M  minute  on  the  Third  Avenue  line  and  iM 
minutes  on  the  Sixth  Avenue  line,  during  the  busiest  hours.  Counting  both  curres  to- 
gether, more  than  one  third  as  many  passengers  pass  over  them  per  year  as  ther'"  ate  who 
enter  all  the  trains  of  all  the  123.000  miles  of  railway  in  the  United  Slates.  The  gros* 
earnings  ptr  mill  mount  up  to  $2>3,ooo,  and  the  operating  eipenses  to  Sras.ooa 

The  property  on  the  comers  which  is  cut  by  the  dotted  curves  is  in  no  case  psrticularlr 
valuable,  and  $ao,ooo  or  $30.01x1  would  have  been  the  greatest  net  loss  which  would  ba 
likely  to  tmuU  from  substituting  any  one  of  the  dotted  curves  for  the  constructed  curre. 
No  accidents  of  any  kind  have  happened  on  any  of  these  sharp  curves  since  the  roads  wen 
opened  in  1878. 

The  curves  are  of  standard  gauge,  and  the  cars  are  about  48  feet  long.  Their  draw- 
bars go  from  truck  to  truck,  and  not  between  the  car-bodies. 
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Fio.  190.— RivBuUD  Cu«vii  op  110  Fin  Radius  on  Hahkattah  Blstatid  Rau.wat, 
Lint  0 
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to  be  a  measurable  disadvantage  as  respects  limiting  speed  (for 
if  they  were,  a  few  thousand  dollars  would  take  them  out),  be- 
cause, although  every  moment  of  lost  time  is  of  g^eat  import- 
ance, the  speed  between  the  frequent  stops  is  slow  (not  over  30 
miles  per  hour)  and  the  motive-power  between  stations  (because 
of  the  frequency  of  stops)  abundant.  Therefore  the  speed  is 
checked  to  a  safe  limit  almost  instantaneously  on  approaching 
the  curve,  and  resumed  again  on  passing  it  almost  as  quickly,  and 
the  total  loss  per  curve  does  not  exceed  20  to  30  seconds  for  each 

curve;  only  a  small  of  part  which  (    .—  or   39.   3   per   cent,    on 

curve  and  \  or  50  per  cent  in  approaching  and  leaving  the  curve, 
as  a  brief  analysis,  which  the  student  should  make,  will  show) 
could  be  saved  by  doubling  the  radius  of  curvature.  Fig.  192 
and  Table  107,  page  273,  will  indicate  the  method  of  determin- 
ing this. 

868,  If,  however,  there  were  many  of  these  curves,  the  loss  of 
time  would  not  only  increase  pari  passUy  but,  by  frittering  away 
the  time  and  nervous  energy  of  the  engineman,  obstructing  his 
view  ahead,  and  similar  indirect  causes,  cause  a  still  further  de- 
crease in  the  practicable  speed,  and  likewise  decrease  the  admis- 
sible frequency  of  trains,  thus  causing  an  unwarranted  loss,  if 
any  ordinary  expenditure  would  avoid  it.  As  the  line  now 
stands,  an  avoidance  of  all  curves  on  the  line  would  have  a  con- 
siderable money  value,  but  to  simply  double  the  radius  would  be 
worth  little  or  nothing — as  is  sufficiently  evidenced  by  Figs.  189- 
190.  The  management  is  not  unintelligent  nor  unduly  parsi- 
monious, but  it  is  not  thought  of,  simply  because  it  would  not 
pay. 

869.  So  on  the  various  railway  lines  connecting  Boston,  New 
York,  Philadelphia,  Baltimore,  and  Washington.  The  value  of 
avoiding  any  considerable  amount  of  curvature,  and  especially 
curvature  sharper  than  3**  or  4°,  is  to  be  measured  only  by  a  vast 
sum,  under  the  growing  business  advantage  of  very  fast  trains. 
Its  existence  in  large  amounts  would  make  quick  time  impossi- 
ble ;  but  the  same  is  not  at  all  true  of  a  small  amount  of  curva- 
ture at  some  one  point,  even  of  very  short  radius,  for  reducing 
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speed  fm-  mat  wmU  ^mh  trooi  60  to  ja  miles  per  hoar  mcaKS  oatj 
the  loss  of  i|^  to  2  minotcs  time  (Table  iSj).  The  justiftable  ex> 
peoditnre  to  aToid  it  voa!d  certainlj  be  far  less  than  oae  testh 
dL  what  voold  be  justifiable  00  the  same  line  to  avoid  tes  times 
as  much  cnrratare  and  delaj,  both  because  (i)  more  than  tes 
times  as  much  time  voald  be  lost  therebr,  and  because  (2),  erea 
if  not,  the  loss  would  be  more  than  ten  times  as  injnriouSw  Two 
minotcs  more  time  between  New  York  and  Philadelphia  might 
not  place  a  competing  line  under  measurable  disadTantage. 
TwentT  minutes  would  not  simplj  decrease,  but  destroy  its 
chance  for  competition  on  equal  terms. 

aro.  When  we  come  to  long  trips,  of  500  to  1000  milcs^  we 
have  alreadj  (par.  24c)  seen  that  anj  probable  loss  of  time  which 
is  remediable  bj  anj  expenditure  within  bounds  for  easing curr* 
ature  is  not  iikelr  to  have  anv  effect  whatever,  measurable  in  dol- 
lars and  cents,  upon  competitive  cqualitj.  The  most  trifling 
differences  in  neatness  of  stations  and  equipment,  courtesy  of  em- 
ployees, character  of  "  lunch  counters,**  etc^  would  be  far  more 
important  for  that  purpose,  as  well  as  far  more  cheaply  obtained. 

87L  The  true  principle  in  regard  to  this  matter  would  there- 
fore seem  to  be :  To  estimate  the  total  loss  or  time  which  is 
likely  to  result,  on  a  given  line,  from  the  location  naturally  re- 
sulting from  one  radius  of  curvature  instead  of  another,  and  the 
probable  money  value  of  so  much  competitive  business  as  is 
likelv  to  be  lost  on  account  of  this  loss  of  time.  While  this  is  an 
exceedingly  delicate  and  difficult  matter  to  estimate  even  approx- 
imately, and  an  impossible  one  to  determine  with  exactness,  yet 
(par.  21)  ''what  we  can  do  is  to  fix  a  maximum  and  minimum 
limit,  somewhere  within  which  lies  the  truth  and  anywhere  out- 
side of  which  lies  a  certainty  of  error.  Due  judgment  and  cau- 
tion require  that  we  should  do  so." 

•72.  As  a  general  rule,  the  limiting  line  between  the  traffic  to 
which  every  minute  is  and  is  not  imp^ortant  lies  at  the  point  where 
it  ceases  to  be  possible  to  make  a  round  trip  in  a  day,  with  some 
time  to  spare  at  destination.  For  distances  under  100  or  150 
miles  this  is  possible,  as  for  instance  between   New  York  and 
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Philadelphia,  and  time  is  valued  greatly.  For  longer  distances, 
as  from  New  York  to  Boston,  this  is  not  possible,  and  fast  trains 
are  not  run,  nor  are  they  likely  to  be  until  over  50  miles  per  hour 
can  be  made,  when  there  will  be  demand  for  several  daily.  Be- 
tween New  York  and  Chicago,  until  it  finally  appeared  possible 
to  shorten  up  the  time  to  24  hours,  quicker  time  than  36  hours 
was  not  important,  and  was  not  made.  To  St.  Louis,  which  is 
only  200  to  250  miles  further  from  New  York  than  Chicago,  or 
some  20  per  cent,  the  time  is  still  eight  or  ten  hours  longer,  for 
the  same  reason. 

The  effect  of  sharp  curvature  on  safety  and  the  comfort  of  Iravellers  is  con- 
sidered in  Chap.  VIII.,  pars.  247  and  279. 

873i  We  will  now  analyze  the  extent  to  which  the  third  and  chief 
cause  for  limiting  effect  from  curvature  operates — that  it  may  compel 
the  hauling  of  shorter  trains  by  its  addition  to  the  train  resistance: 

We  have  on  the  tangent  maximum  grade,  whatever  it  may  be,  two 
resistances  to  overcome : 

1.  The  ordinary  rolling-friction. 

2.  The  resistance  of  gravity — a  known  and  constant  quantity. 

In  the  case  of  curvature  on  a  level  we  have  also  two  resistances: 

1.  The  ordinary  rolling-friction,  as  before. 

2.  All  additional  resistance  which  may  or  can  arise  from  the  curve. 

In  either  case,  it  is  evident  that  the  resistance  from  the  rolling-fric- 
tion proper,  being  the  same  in  any  case,  whatever  its  amount  may  be, 
may  be  entirely  neglected.  In  any  case,  also,  it  is  obvious  that  the  grade 
on  any  curve  may  be  reduced  to  a  level,  if  desired,  so  as  to  eliminate  all 
grade  resistance. 

874.  The  normal  rolling-friction  being  eliminated,  what  we  require, 
in  order  to  determine  the  proper  limit  of  maximum  zwrv^XMX^  so  far  as 
length  of  train  is  concerned,  i.e.,  the  point  at  which  a  LIMITING  EFFECT 
begins,  or  should  begin  on  a  properly  laid  out  line,  is  simply  the  curve  on 
which,  in  all  cases  and  under  the  most  unfavorable  circumstances,  the  same 
engine  can  haul  the  same  train  on  a  level  as  it  can  haul  on  a  tangent  up 
the  maximum  grade. 

It  is  not  sufficient  to  determine  merely  the  curve  on  which  there  will 
probably  be  no  greater  resistance  on  a  level  than  on  the  tangent  maxi- 
mum grade,  nor  the  curve  on  which,  under  average  or  favorable  condi- 
tions, there  will  be  no  limiting  effect.  When  there  is  even  a  possibility 
that  under  any  circumstances  whatever,  exceptional  or  unexceptional. 
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the  resistances  on  a  level  maximum  curve  may  exceed  the  known  and 
invariable  effect  of  gravity  on  the  actual  tangent  maximum  grade,  that 
curve  is  in  a  sense  a  limiting  curve*  because  there  is  a  certain  disadvan- 
tage in  even  the  possibility  that  curvature  may  at  times  limit  the  trains 
in  advance  of  gradients*  and  hence  a  certain  money  value  in  avoiding  it. 

875.  Viewed  from  this  standpoint*  with  our  existing  experimental 
knowledge  of  curve  resistance*  all  that  can  safely  be  assumed  is  that  an 
allowance  of  2  lbs.  per  ton  per  degree  of  curvature  is  none  too  great  to 
cover  the  highest  possible  curve  resistance  at  very  low  speeds*  with  well- 
worn  rails  and  long  trains  of  empty  cars*  especially  on  easy  curves.  So 
high  a  curve  resistance  is*  we  may  be  very  certain*  rarely  reached  in 
practice*  but  that  it  is  sometimes  reached  is  at  least  possible. 

On  the  other  hand*  the  very  lowest  limit  for  the  resistance  on  ordi- 
nary railway  curvature*  under  ihe  most  favorable  circumstances*  at  high 
speeds  and  with  new  rails,  is  probably  about  (somewhat  less  than)  \  lb. 
per  degree  of  curvature,  falling  on  the  very  sharpest  curves*  such  as  on 
the  elevated  railways  of  New  York,  to  something  less  than  \  lb.  per  ton 
per  degree ;  but  the  latter  curves  are  out  of  the  range  of  ordinary  expe- 
rience. 

876.  The  assumed  2  lbs.  per  ton  of  train  resistance  is  equivalent  to 
0.1  per  cent  of  grade,  and  o  5  lb.  to  0.025  per  cent  of  grade.  Multiplying 
the  former,  therefore,  by  the  degree  of  any  curve,  gives  a  rate  of  maxi- 
mum grade  which  will  certainly  oppose  more  resistance  to  all  trains 
under  all  circumstances  than  the  given  curve  will  on  a  level,  while  mul- 
tiplying the  latter  by  the  degree  of  curve,  in  the  same  way,  will  give  a 
rate  of  maximum  grade  which  will  certainly  NOT  oppose  more  resistance 
to  any  train  under  any  circumstances  than  will  the  curve,  and  hence  the 
latter  will  be,  in  the  fullest  sense,  a  '*  limiting"  curve. 

In  between  these  limits  sometimes  the  curve  and  sometimes  the 
grcide  may  offer  the  mnxirnum  resistance 

877.  From  the  above  simple  data  we  may  construct  the  following 
Table  188,  showing  the  proper  limits  of  practice  in  respect  to  maximum 
curvature  : 

Table  188  assumes  that  the  most  which  can  possibly  be  done  to  elim- 
inate curve  resistance  is  to  reduce  the  grade  to  a  level,  which  is  the  case 
with  an  evenly  balanced  traffic  and  wiih  long  stretches  of  level  or  undu- 
lating gradients  having  a  great  deal  of  curvature.  It  is  evident,  how- 
ever, that  under  the  three  following  conditions,  at  least,  this  is  not  the 
case*  and  hence  that  the  table  will  not  then  apply; 


652       CHAP.   XIX.— LIMITING  EFFECT  OF  CURVATURE. 


Table  188. 

Maximum  and  Minimum  Limits  for  the  Decrees  op  Limiting  Cukvatukk. 

ON  Various  Grades. 

[Being  the  degrees  al  (he  curves  which  certainlf  will  and  certaiDlj  will  not  aatt  ■ 
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n  grade,  oF  any  considerable  rate,  we  can, 
to  a  level,  but  break  the  grade  to  a  de- 
^  scent,  as  at  Bff.  Fig.  igz,  and  in  this 
way  completely  eliminale  the  limiting. 
effect  ol  the  curve  resistance  of  any 
curve,  however  sharp;  (or  wc  have  to 
isider  trains  in  one  direction  only. 
To  descending  trains  the  break  of  grade  can  (ordinarily)  do  no  harm. 
On  such  a  grade,  therefore,  there  is  no  reason  why  any  curve  whatever 
should  not  be  used,  so  far  ;is  the  limiting  effect  of  its  resistance  is  con- 
cerned, and  the  other  tivo  causes  alone  (pur.  86j)  justify  fixing  a  limit  of 

z.  When  the  grade  is  level  or  slightly  undulating  for  a  considerable 
distance,  and  the  ^rcentage  of  curvature  is  not  too  great,  some  little 
assistance  at  least  from  inonienium  may  be  relied  on,  to  eliminate  a  por- 
tion of  the  resistance  of  very  shiirp  curves. 

3,  When  the  burden  of  tratfic  is  heavily  in  one  direction,  as  in  min- 
eral traffic,  even  with  nearly  level  grades  and  with  no  assistance  from 
momentum,  qnite  sharp  curves  can  be  used  wherever  the  necessary  com- 
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pensation  to  equalize  the  curve  resistance  for  trains  Tnavtng'.  in  one  dtrec" 
lion  can  be  made,  because  the  loaded  trains  letum  light  v/ith  a  surplus, 
cf  motive-power. 

879i  Summarizing  our  conclusions  a<;  t3  limit  of  maximum 
curvature,  we  have  found: 

1.  That  there  is  rarely  (although  there  is  sometimes)  real 
difficulty  in  using  engines  of  any  desired  power,  of  types  approxi- 
mate for  efficient  service,  on  any  probable  alignment,  and  (par. 
£85)  that  on  curves  below  10"  or  12"  there  is  no  difficulty  what- 
ever. 

2.  That  those  railways  are  the  exception  (although  they  do 
exist)  on  which  any  probable  loss  of  time  from  the  necessity  of 
slowing  up  at  sharp  curves  will  be  a  matter  of  much  financial 
importance,  and  that  the  gain  in  this  respect  by  any  modifica"- 
tion  of  curvature  ordinarily  possible  is  much  less  than  is  sup- 
posed. 

3.  That  all  danger  of  limiting  effect  upon  the  weight  of  trains 
from  sharp  curvature,  within  the  limits  specified  in  Table  188, 
can  ordinarily  be  avoided,  and  that  these  limits  afford  sufficient 
range  for  using  those  curves  which  best  fit  the  ground  under  all 
ordinary  topographical  conditions. 

4.  That  the  difference  in  danger  of  accident  which  is  liable 
to  result  from  any  modifications  of  curvature  ordinarily  possible 
\z  too  small  for  estimation,  as  an  element  justifying  additional 
expenditure.  1 

5.  That  the  effect  of  any  difference  of  radius  on  the  expenses 
due  to  wear  and  tear  and  consumption  of  fuel  per  train-mile,  tftt 
degrees  of. central  angle  remaining  the  same,  is  probably  either 
nil  or  in  favor  of  sharp  radii;  but  that  whether  this  be  so  or  noi 
(par.  252)  is  a  question  which  should  be  allowed  no  weight  what* 
ever  in  fixing  on  a  limit  of  radius. 

6.  That  the  effect  of  shorter  radii,  if  they  have  any,  to 
lengthen  the  line  or  increase  the  degrees  of  central  angle,  or 
both,  through  the  different  location  which  naturally  results,  is 
likewise  a  matter  which  does  not  directly  affect  the  question, 
although  it  often  may  indirectly. 

880.  We  may  likewise  close,  as  we  began,  with  another  very 
important  conclusion: 
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7.  That  the  natural  tendency  of  inexperienced  engineers  is  to  go  to 
extremes  in  the  matter  of  curvature^  either  spending  too  much  money  to 
obtain  easy  curvature,  or^  when  convinced  that  that  is  impolitic,  going  to 
the  other  extreme,  introducing  recklessly  more  and  sharper  curvature 
than  there  is  any  real  necessity  for ;  in  both  cases  alike  failing  to  perceive 
and  utilize  to  the  utmost  the  topographical  possibilities, 

981.  It  may  at  first  sight  appear  to  follow  from  the  aggregate 
of  this  summary  that  tliere  is  little  reason  to  fix  any  minimum 
limit  whatever  to  the  radius  of  curvature  except  the  physical 
limit  of  the  capacity  of  the  locomotive,  and  this  is  so  far  correct 
that  it  is  entirely  indefensible  to  start  out  upon  surveys  with 
a  limit  determined  in  advance,  or  to  adhere  to  a  limit  at  every 
point  because  at  all  but  one  or  two  points  there  is  little  difficulty 
in  so  doing.  If  at  such  exceptional  points  a  large  expenditure 
is  necessary  to  adhere  to  it,  the  expenditure  should  not  be  made 
without  a  correspondingly  good  reason.  In  such  a  case  we  are 
justified  in  making  a  moderate  additional  expenditure  for  the 
mere  sake  of  a  uniformity  which  may  prove  advantageous  for 
operating  certain  engines  or  for  certain  high  speeds;  but  it 
should  in  general  be  a  very  moderate  one. 

882.  In  view  of  the  ever-present  danger  of  overloading  the 
capital  account  of  new  enterprises,  the  better  course  in  such 
cases  is  to  build  a  light  bold  line  for  a  short  distance,  laid  our 
with  the  idea  that  it  may  be  subsequently  improved  if  desired, 
and  if  means  exist  for  doing  it,  in  the  manner  elsewhere  dis- 
cussed (par.  283  et  al). 

Nevertheless,  it  is  not  true  that  the  conclusions  summarized 
above  do  not  warrant,  under  ail  ordinary  circumstances,  the 
mainteMance  of  a  reasonable  and  moderate  limit  of  curvature  ; 
considerably  more  favorable,  if  their  spirit  be  closely  adhered 
to,  than  has  been  adopted  without  adequate  necessity  on  many 
lines.  For,  although  each  of  the  conclusions  specified,  taken 
separately,  does  not  warrant  the  fixing  of  arbitrary  limits  to  be 
adhered  to  at  large  expense,  yet  they  do  in  the  aggregate  indi- 
cate, as  common-sense  also  indicates,  that  reasonably  easy  curva- 
ture is  a  matter  of  much  absolute  although  possibly  of  small  rela- 
tive importance. 


ta^. 
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883.  The  true  conclusions  to  be  drawn  may  perhaps  be  better 
put  in  this  way  : 

8.  That  A  STANDARD  HARMONIZING  WITH  THE  NATURAL  TOPO- 
GRAPHICAL CHARACTERISTICS    AND    READILY    ADAPTABLE    TO    THEM 

is  the  only  rigiit  and  proper  one,  until  the  topography  becomes 
so  rugged  that  the  physical  limit  of  the  capacity  of  the  locomo- 
tive, of  the  class  and  at  the  speeds  practically  required,  begins  to 
be  approached.  This  is  true  both  in  letter  and  in  spirit,  and 
should  be  rigidly  adhered  to.  When  so  adhered  to  it  will  rarely 
cause  embarrassment,  for  there  is  usually  a  certain  natural  limit 
of  radius  which  can  be  obtained  without  much  difficulty  or 
expense,  and  except  in  extremely  rugged  mountainous  regions 
this  limit  will  rarely  be  a  high  one.  This  implies  that  the 
limit  should  be  varied  from  point  to  point  along  the  line,  as 
the  general  character  of  the  topography  varies,  and  the  sharp 
curvature,  so  far  as  possible,  bunched. 

884.  In  proportion  as  the  natural  limit  of  radius  is  favorable 
the  justifiable  expenditure  to  obtain  a  still  more  favorable  limit 
decreases  rapidly,  and  it  can  never  be  amiss  to  bear  in  mind  that 
there  is  no  case  on  record  where  a  railway  has  been  brought  to 
bankruptcy  by  the  expenses  resulting  from  sharp  curvature,  nor 
is  there  any  likelihood  that  there  ever  will  be  such  a  case,  while 
the  instances  are  many  where  companies  have  been  bankrupted 
by  their  expenditures  to  obtain  easy  curvature.  Hence,  since 
the  money  of  even  the  richest  corporations  is  limited,  and  in  the 
case  of  new  roads  almost  always  more  limited  in  proportion  to 
its  needs  than  its  over-sanguine  projectors  have  any  idea  of,  true 
wisdom  requires  that  the  available  capital  should  first  be  devoted 
to  the  really  important  ends — getting  close  to  and  well  into  the 
large  towns,  getting  suitable  terminal  facilities,  getting  low 
grades,  building  what  is  built  well^  protecting  the  public  and  the 
railway  company  at  once  from  danger  and  loss  by  proper  inter- 
locking apparatus  at  grade  crossings,  or  by  under-  and  over-cross- 
ings, rather  than  by  expenditures  for  some  fanciful  standard  ot 
curvature,  which  probably  makes  the  largest  addition  to  the  cost 
of  construction  of   any  detail  and    (for  any   change  within  the 
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power  of  the  engineer  at  any  cost  whatever)  the  smallest  addition 
to  either  the  safety  or  economy  of  operation. 

885.  The  argument  in  favor  c  c.c»c.pting  curvature  to  the  nat- 
ural topography  of  the  country  is  greatiy  streno^thened  by  the 
fact  that  sharp  curves  frequently,  if  not  universally,  kender  pos- 
sible LOWER  RULING   GRADIENTS  IN  DIFFICULT  COUNTRY  and  Olier 

permit  the  use  of  otherwise  favorable  routes  which,  without  thv 
concession  to  natural  conditions,  would  be  wholly  impracticable 
The  writer  could   readily  mention  a  number  of  important    .1 
stances  of  the  kind  from  his  own  experience. 

886.  But  because  other  ends  are  more  important,  this  is  -qc 
therefore  unimportant.  Because  it  is  unjustifiable  to  expend  an^ 
large  proportion  of  the  available  capital  for  this  end,  it  does  not 
follow  that  a  very  large  proportion  of  the  time  givsn  to  sxjrvrts 
should  not  be  devoted  to  it.  Almost  invariably  it  should  be,  anc 
the  engineer  who  finds  himself  in  rough  country  devoting  litti« 
thought  and  time  to  saving  every  degree  of  curvature  possible 
may  be  tolerably  sure  that  he  has  fallen  into  that  most  dange* 
011s  fault — blindness  to  its  undoubted  and  great  disadvantages; 

8d7«  It  is  so  important  th&t  the  proper  course  in  respect  to  fixing  a? 
bltrary  limits  of  curvature  should  be  so  plain  as  to  be  fully  tmderstocr 
that  we  may  profitably  add  a  word  as  to  the  specific  manner  in  )rh:cJr 
these  conclusions  are  frequently  violated,  and  the  error  in  doing  so. 

Many  thousands  of  miles  on  this  and  other  continents  have  been  bofil 
Oil  standards  of  grades  and  curvature  closely  approximating  to  th:r  t 
I.  No  grade  shall  under  any  circumstances  exceed  60  ft.  per  mii< 
X,  No  curve  shall  under  any  circumstances  exceed  6".     BUT, 
3.  These  limits  may  be  freely  used  in  combination  with  each  Othc.  : 
\  e.,  6""  curves  may  be  inserted  in  unreduced  60-ft.  grades. 

This  precise  standard  has  been  p)erhaps  more  used  in  this  ccrr.try  than 
jiy  other  one  combination.  It  was  used  on  the  Erie,  the  Cincinnati 
Southern,  the  Chesapeake  &  Ohio,  the  Blue  Ridge  of  South  Carolina,  and 
a  long  list  of  other  roads  of  less  engineering  pretensions;  having  been 
copied  from  one  to  .another,  apparently,  without  much  regard  to  topo* 
graphical  requirements — perhaps  because  the  round  figures  and  the  al- 
literation of  the  6's  had  a  certain  charm.  Far  less  defensible  combina- 
tions have  been  the  rule  throughout  the  vast  expanse  of  the  Mississipp 
Valley  from  the  causes  alluded  to  on  page  6— such  as  2°  ci  3"  or  4**  limits 
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q£  curvature  with  40  to  80  ft.  grades  (0.8  to  1.5  per  cent);  but  it  should  be 
added  that  in  general  the  topography  favors  long  radii,  and  the  chief  error 
Has  been,  not  the  radius  of  curvature,  but  the  reckless  sacrifices  of  gradi- 
ents to  save  degrees  of  central  angle. 

8881  We  have  already  determined  (par.  825)  that  the  use  of  unreduced 
curvature  on  a  maximum  grade  is  never  defensible.  Except  that  it  has 
been  done  in  such  repeated  instances  and  on  so  large  a  scale,  it  would  seem 
incredible  that  any  one  could  spend  large  sums  of  money  to  keep  curva- 
ture down  to  6^,  and  grades  down  to  60  ft.  per  mile,  and  yet  pile  one  upon 
the  other  freely,  giving  in  effect  a  75-ft.  grade.  We  may  more  clearly  see 
the  folly  of  it  by  an  example  from  hinnble  life.  Suppose  some  plain  coun- 
try fanner  should  find  that  his  team  could  just  draw  him  up  a  steep  hill 
through  mud  a  foot  deep,  and  should  forthwith  draw  two  conclusions — 
that  it  could  not  draw  him  up  any  steeper  hill  without  any  mud,  nor 
through  any  deeper  mud  without  any  hill:  should  we  not  think  the  man 
less  intelligent  than  the  beasts  he  drove  ?  Yei  this  is  precisely  what  has 
been  done,  and  to  some  extent  is  still  done,  on  thousands  of  miJes  the 
world  over,  by  engineers  of  standing. 

889t  Passing  this  error  as  no  longer  likeiy  to  be  committed,  let  n 
consider  the  propriety  and  effect  of  the  joint  standard  of  60  ft.  per  miU 
and  REDUCED  6°  curves  maxima : 

A  60  ft.  per  mile  grade  is  1.14  per  cent.  If  we  may  use  6°  curves  on 
such  grades  by  reducing  them  to  0.96  or  0.84  per  cent  (0.03  to  0.05  per 
cent  per  degree  compenstion),  which  is  the  largest  compensation  used  by 
those  who  adopt  such  standards,  why  should  we  not  feel  free  to  use  some 
sharper  curves  with  more  compensation,  or  on  a  dead  level,  if  we  can 
thereby  save  some  money  to  put  where  it  will  do  more  good  ? 

890.  The  answer  can  only  be  one  of  four  reasons  : 

1.  A  7°  or  8"  or  10°  curve  of  equal  angular  length  will  be  so  much 
more  costly  in  v;ear  and  tear,  that  on  no  single  curve  can  the  saving  m 
cost  for  construction  pay  for  the  loss  therefrom.    Or, 

2.  A  few  such  curves,  even  if  fully  compensated,  will  in  some  unex- 
plained way  so  limit  trains  that  the  same  engine  cannot  do  the  same 
work.     Or, 

3.  They  will  cause  such  loss  of  time  from  slowing  up  (and  certainly 
require  slowing  up)  that  a  loss  of  speed  involving  greater  loss  of  traffic 
thaK  the  value  of  any  possible  saving  will  result.     Or, 

4  They  are   so  exceedingly  unsafe  to  operate,  compared  with   a  6*, 
that  in  no  case  can  tlie  additional  danger  therefrom  be  repaid  by  anade* 
quate  economy  in  construction. 
42 
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891.  There  is  no  escape  from  accepting  one  or  more  horns  of  this 
double  dilemma  if  such  a  standard  is  to  be  justified  at  all;  and  probably 
no  man  would  have  the  hardihood  to  attempt  to  maintain  any  one  of  them 
for  explicit  reasons  given.  It  is  not  thus  that  such  utter  and  evident 
blunders  as  this — ^which  simply  to  state  their  nature  clearly  is  to  con- 
demn— ^have  come  about;  but  rather  by  the  vague  process  of  jiunping  at 
conclusions  outlined  in  par.  245 — that  "  the Railway  is  to  be  first- 
class;  "  that  ''  nothing  over  6^  curvature  is  generally  considered  first- 
class;  "  ergo,  etc.,  etc.  The  fact  that  most  of  the  great  trunk  lines  have 
8^  to  10°  curves  (Table  116),  and  that  the  lines  which  have  set  up  such 
purely  arbitrary  standards  have  been  to  a  very  large  extent  lines  of 
a  secondary  class,  increases  the  obviousness  of  the  error  committed. 
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CHAPTER  XX. 

THE   CHOICE   OF  GRADIENTS,    AND   DEVICES   FOR   REDUCING   THEM. 

892i  We  have  seen  clearly  enough  in  preceding  chapters  that 
the  gradients  are  the  one  thing  among  the  purely  engineering 
details  on  which  the  engineer  should  concentrate  his  attention, 
subordinating  them  only  to  the  end  of  reaching  the  sources  of 
traffic,  if  even  to  that. 

We  have  seen  also,  in  Chap.  XVII.,  that  the  use  of  assistant 
engines  for  short  distances  with  low  ruling  grades  elsewhere,  is 
generally  preferable  to  a  uniform  through  grade,  both  topo- 
graphically and  financially;  for  the  reason  that,  do  the  best  we 
can,  a  uniform  grade  must  usually  approximate  pretty  closely  to 
the  rate  of  the  pusher  grade  if  it  passes  over  the  same  summit, 
and  by  adopting  it  we  throw  away  the  advantage  of  the  low  grades 
on  all  the  rest  of  the  line,  which  may  be  had,  as  it  were,  for  nothing. 

893i  Having  recognized  these  abstract  truths,  however,  the 
next  thing  is  to  apply  them,  and  here  we  pass  beyond  the  point 
where  specific  instructions  can  be  easily  given,  since  the  circum- 
stances will  vary  on  every  line.  A  great  part  of  the  danger  o( 
error  has  been  overcome  when  the  comparative  importance  of 
the  various  details  has  been  realized,  but  even  with  that  advan- 
tage  the  inexperienced  engineer  is  almost  certain  to  conclude 
that  a  certain  grade  is  the  lowest  attainable,  when  with  longer 
practice,  or  more  skill,  or  harder  work,  or  less  self-confidence, 
he  would  readily  obtain  grades  a  third  or  a  half  lower  at  the 
same  cost,  and  not  unfrequently  at  less  cost. 

894i  There  is,  however,  one  general  rule,  which  directly  re- 
sults from  what  has  preceded,  and  which  comes  so  near  to  being 
an  infallible  guide  for  the  correct  projection  of  lines  in  the  field 
that,  as  a  rule,  the  engineer  should  follow  it  strictly,  deviating 
from  it  only  for  very  good  reason,  viz.: 
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Follow  that  route  which  affords  the  easiest  possible  grades  for 
THE  longest  possible  DISTANCES,  using  to  that  end  such  amounts  of 
distance,  curvature,  and  rise  and  fall  as  may  be  necessary,  and  then  pass 

OVER  THE  INTERVENING  DISTANCES  ON   SUCH    GRADES  AS  ARE    THEN 
FOUND  NECESSARY. 

This  law  is  to  be  applied  with  intelligence  and  not  pushed 
too  far,  but  so  far  as  there  can  be  said  to  be  any  universal  and 
fundamental  law  for  location,  this  is  such  a  law. 

895.  When  the  higher  grades  are  in  danger  of  exceeding  2  per 
cent  or  2\  per  cent,  it  is  to  be  accepted  only  with  great  cau- 
tion, and  anything  beyond  3  per  cent  will  be  probably  bad  prac- 
tice, except  in  very  mountainous  country.  As  a  line  falls  below 
too  miles  in  length  the  economy  of  using  pushers  decreases,  and 
Mie  practical  advantage  of  a  uniform  gradient  increases. 

Accepting  this  general  rule  as  an  axiom,  our  problem  then 
divides  itself  into  two  parts: 

1.  How  to  obtain  the  lowest  possible  low  grades. 

2.  What  to  do  as  to  the  rates  of  the  high  grades. 

HOW    TO    PROJECT    LOW    GRADES. 

896.  Considering  only  a  naturally  low-grade  country  with  no  long- 
tontinued  ascents  to  encounter,  but  only  a  more  or  less  rolling  topc^- 
raphy,  three  fourths  of  almost  every  line,  or  of  the  part  thereof  lying  in 
such  low  country,  will  naturally  admit  of  an  extremely  low  gradient,  if 
some  considerable  lateral  deviations  to  throw  the  line  into  a  generally 
favorable  country  are  considered  admissible,  as  they  ought  to  be,  so  that 
such  alternates  between  any  two  points  as  those  sketched  to  a  rude  scale 

in  Fig.  193  are  considered 
as  prima  facie  equally  eli- 
gible. To  obtain  the  same 
grades  on  the  remaining 
fourth  will  often  involve 
some  disagreeable  sacrifices,  especially  when,  as  so  often  in  the  Western 
States,  we  can  take  an  air-line  by  accepting  i  per  cent  or  ij  per  cent 
grades,  if  We  are  foolish  enough  to  do  so. 

These  disagreeable  sacrifices,  however,  ought  ordinarily  to  be  met, 
even  to  the  extent  of  doubling  the  distance  on  one  quarter  of  the  line  if 
we  can  thereby  reduce  the  grades  to  half  as  high  a  rate.    We  shall  then 
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simply  have  a  line  112^  miles  long  with  0.5  per  cent  grades,  as  against  a 
line  100  miles  long  with  i.o  per  cent  grades.  Tlie  former  is  immensely 
preferable  from  every  point  of  view.  But  usually  a  smaller  sacrifice  will 
make  a  greater  gain. 

897i  Let  us  consider,  for  example,  the  case  of  a  long,  low  ridge  or 
swell  in  a  generally  flat  country,  wliich  cannot  be  run  around  at  all,  by 

any  device,  since  it  continues  indefinitely.    Assume 

Q\         this  swell  to  be  three  miles  across  and  50  feet  high 

%^        by  the  grade-line,  after  making  as  large  cuts  and 

\         fills  as  seem  expedient  at  A,  B,  C,  and  /?,  Fig. 

194.     A  tangent  over  this  ridge  will  give  the 

profile  shown  in  Fig.  195.  with  two  miles  of  i 

per  cent  grade  and  a  mile  of  level  interven- 


The  exaggerated  vertical  scale  makes 


Fig.  195. 
Plan  and  Propilb  of  a  Break  in  a  Long  Tangent  to  pass  over  a  Long,  Low  Ridgb  in 

Flat  Country. 

the  rise  seem  considerable,  but  on  the  ground  it  will  be  hardly  percep- 
tible to  the  eye  ps  an  objectionable  feature  to  the  railway  line. 

This  is  especially  likely  to  be  the  case  because  the  ground  approach- 
ing such  a  rise  will  not  ordinarily  be  on  a  dead  level,  but  is  more  likely 
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II.  ^ 

to  have  about  half  as  steep  a  rise,  perhaps  for  a  long  distance  back,  giv« 
ing  a  long  0.5  grade  approaching  the  ridge.  This  we  will  assume  to  be 
the  case,  as  also  that  except  for  this  swell,  and  a  few  others  like  it,  the 
0.5  grade  might  be  the  maximum  of  the  whole  line.  Such  conditions 
have  existed  on  thousands  of  miles. 

898.  Now  to  the  eye  of  a  country  farmer,  and  to  the  eye  of  many  an 
engineer,  perhaps,  who  may  inspect  the  line  during  construction,  as  it 
runs  over  the  surface  of  an  apparently  flat  cornfield,  this  whole  region 
will  seem  practically  a  dead  level.  In  the  first  place,  the  long  0.5  ap- 
proach will  invariably  be  taken  by  the  eye  to  be  a  level,  or  perhaps  even 
(by  well-known  optical  illusion)  a  slight  descent.  This  at  least  takes 
of!  a  full  half  of  the  apparent  vertical  angle,  and  hence  of  the  apparent 
height  of  the  ridge;  and,  more  probably,  there  will  seem  to  be  a  slight 
dip  of  the  ground  toward  the  ridge  and  merely  a  corresponding  rise  be^ 
yoiid  it.  In  the  second  place,  even  if  the  approach  were  a  dead  level,  a 
rise  of  only  i  per  cent  in  a  naturarl  surface  seems  to  the  eye  a  very  small 
thing,  especially  before  the  track  is  laid,  so  that  it  would  seem  ridiculous 
to  turn  four  right  angles  "  for  nothing"  and  lose  two  or  three  miles  of 
distance,  at  the  cost  of  four  such  ugly  curves  through  the  cornfields  as 
are  shown  in  Fig.  194. 

899.  Nevertheless,  under  all  the  given  circumstances,  THAT  IS  pre- 
cisely THE  THING  TO  DO.  The  Very  fact  of  the  long  0.5  approach, 
which  diminishes  the  visible  necessity,  makes  it  the  more  essential  to  do 
so,  because  it  forbids  us  to  resort  to  the  assistance  of  momentum  to  sur- 
mount the  ridge,  which  otherwise,  by  approaching  the  foot  of  it  at  30 
miles  per  hour  and  reaching  the  top  at  10,  would  take  off  (Table  118) 
^^•95  "~  355  =  28.40  vertical  feet,  and  give  us,  out  of  our  i  per  cent 
grade,  a  virtual  profile  of  0.5  per  cent,  with  something  to  spare. 

900t  On  arriving  at  the  point  A,  therefore,  even  if  it  be  with  a  30- 
mile  tangent  which  might  be  continued  for  30  miles  more  by  running 
straight  over  the  ridge,  a  sharp  turn  to  the  right  of  something  over  60° 
should  be  made  in  the  flat  cornfield,  on  about  a  3**  curve,  for  the  sole 
purpose  of  lengtiiening  out  the  one  mile  ascent  into  two  miles,  so  as  to 
give  half  the  grade.  To  start  the  curve  A  farther  back,  as  shown  by  the 
dotted  line  A\  so  as  to  diminish  the  central  angle,  would  do  no  good, 
but  rather  destroy  the  very  purpose  of  the  curve,  which  is  lo gain  diS" 
tance  between  A  and  B  and  not  to  reach  B\ 

When  the  line  reaches  B\  another  curve  of  60"  +  ,  in  another  corn- 
field, brings  it  back  again  panillel  with  itself,  but  nearly  two  miles  off. 
In  a  mile  more,  a  third  curve  of  60°+  enables  it  to  descend  the  ridge  on 
the  0.5  maximum  by  losing  another  mile  of  distance,  and  at  D  another 
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cxxnt,  of  60°+  brings  it  back  to  its  proper  position ;  giving  in  all  2  miles 
interpolated  distance  in  a  distance  of  3  miles^  250°  of  curvature  where 
before  there  was  none,  and — what  would  sometimes  be  the  hardest  blow 
of  all — utterly  ruining  the  60-mile  tangent  which  had  been  run  in  ex- 
actly straight  by  foresights  only;  and  all  for  the  sake  of  obtaining  a  line 
so  ugly  that  numerous  fingers  of  scorn  may  well  be  pointed  at  it. 

901.  And,  no  doubt,  the  same  end  might  ordinarily  be  accomplished 
in  such  a  case,  in  some  more  pleasing  and  economical  fashion ;  as  by 
striking  the  ridge  obliquely  with  the  line,  or  in  such  manner  that  the 
dotted  line  CB'\  Fig.  194,  might  be  used  for  the  descent,  so  as  to  utilize 
most  of  the  otherwise  waste  distance.  Or.  by  going  further  back  and 
swinging  the  line  at  this  point  10  or  20  miles  to  the  north  or  south,  better 
ground  may  be  obtained  with  less  aggregate  loss  of  distance  (Fig.  193) 
than  on  this  three  miles  alone.  The  instance  has  purposely  been  made 
somewhat  extreme  in  this  respect  to  enforce  the  principle.  But  in  an- 
other sense  it  is  not  extreme.  If  none  of  these  things  can  be  done  to  ad- 
vantage, IF  there  is  nothing  to  be  gained  by  deviating  from  an  air-line  be- 
tween two  points  100  miles  apart,  and  if  this  air-line  will  admit  of  0.5  grades 
each  way,  except  for  one  or  two  or  three  or  five  or  six  s  jch  ridges  as  that 
described,  then,  as  between  the  air-line  AD,  which  will  give  a  surface-line 
hundred-mile  tangent  on  i  per  cent  grades  and  six  breaks  like  AB'CDy 
Fig.  194,  which  will  introduce  1500°  of  curvature  and  lose  12  miles  of 
distance,  and  break  the  hundred-mile  tangent  into  five-and-twenty  pieces, 
but  give  o  5  per  cent  grades — the  ugly  and  crooked  line  is  beyond  aM 
possibility  of  question  in  every  instance  the  line  to  take,  as  of  very  much 
greater  operating  value,  unless  the  line  be  an  exception  to  most  Ameri- 
can roads,  by  having  a  preponderance  of  passenger  traffic,  which  is  both 
large  and  competitive.  Almost  every  general  principle  connected  with 
laying  out  railways  admits  of  more  or  less  doubt,  and  requires  exceptions. 
This  particular  example  admits  of  no  doubt  and  requires  no  exceptions. 

902.  For,  computing  the  values  of  the  losses  and  gains,  we  have — 

Yearly  saving  by  avoiding  an  increase  of  0.5  per 

cent  in  a  0.5  grade,  by  Table  178,  per  daily 

train,  $4,300  X5= $21,500  00 

Per  contra  : 
Cost  of  1500°  of  curvature  by  Table  115,  per  daily 

train,  $0,433  X  1500= ^649  50 

Cost  of  12  miles  of  distance,  by  Table  89,  per  daily 

train,  $290  x  12= 3,480  00—     4,129  50 

Difference,  beinj^:  excess  of  value  of  the  low  grade- 
line,  with  SIX  such  breaks  of  tangent  as  is 
shown  in  Figs.  194,  195, /^r  ^/tf/7K /rrt/>f, $17.37050 
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This  is  equivalent  to  the  addition  of  a  capital  sum  of  nearly  $350,000  (at 
5  per  cent)  to  the  value  of  the  property,  or  $3500  per  mile,  per  daily  train. 
For  ten  daily  trains  each  way  the  line  will  pay  interest  on  $35,000  per 
mile  larger  valuation. 

This  assumes  that  all  trains  are  affected  by  the  difference  in  gradients, 
as  by  the  difference  in  other  details.  No  passenger  train,  however,  would 
under  any  circumstances  be  much  benefited  by  the  reduction  of  grade, 
so  that  if  one  quarter  or  one  half  the  trailis  are  passenger  trains  the 
estimate  should  be  corrected  correspondingly.  On  the  other  hand,  no 
credit  side  whatever  has  been  assumed  for  the  loss  of  distance,  whereas 
there  must  always  be  some  (par.  227  et  seg.)  and  often  enough  to  wipe  out 
the  debit  side  altogether.  How  the  account  will  then  stand  is  worthy  of 
careful  study. 

903.  This  example  makes  it  clear  that  whe  aMumotion  may  be  still 
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:«IGS.  196,  197.— Plan  and  Prokilb  op  a  Bsbak  in  a  Long  Tangent  to  obtain  0.4 

INSTEAD  OF   I.O   PER   CENT  GrADBS. 


more  extreme,  as  by  assuming  that  the  attainable  through  grade,  except 
at  a  few  such  points  as  this,  is  0.4  per  cent.  We  then  have  the  condl- 
Mons  of  Figs.  196-7,  if  we  are  to  obtain  0.4  per  cent  in  the  ^me  wmy; 
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ffae  lateral  derxatian  iram  the  air  line  bch^  2.39  mileB  and  the  lam  ol 
dstance  at  eac±  buc±  point  3  roUcs,  in  an  air-line  cd  3  mikB.  Even  in 
tSiBi  ciffie  three  or  f onr  or  even  "tvc  sncfa  points  mig^bx  be  sux»d  before  it 
«as  conclnded  to  giv^  vcp  tbe  low  grade,  bat  at  stk  tbe  Iqk  of  distanoB — 
iB  miks — ^wonld  be  too  i^reat,  thicaLening  to  discxmiagc  traffic,  and  tbe 
indicatiaxi  wonld  be  very  strong  that  a  difierent  gcnecal  Totde  ahnald  be 


Yht  general  principle  vbicii  should  govern  tint  laymg  out  d 
low  gra^-ltnes  or  sections  of  lines  cannot  be  made  muc^  dearer  than  br 
tiieae  -ezamples.  The  difficulties  of  obtaining  a  lov  grade  air  ordiaarl^ 
confined  to  a  iew  points  on  the  section.  Adopt,  tiien,  liie  rate  which  cac 
be  ciitained  without  mucii  dxfficuhv  on  liiree  iourtixs  or  four  fiMis  of  tbe 
knr  grade- iine  or  9ecti(jn,  and  concentrate  attention  on  tlie  raaiaindcr 
with  the  determination  that  THE  LOW  GXABE  MUST  S£  PS£5EKV£D 
1S£R£  ALSO,  if  in  any  waj  possible.  A  waj  wiH  generaDy  appear  after 
careful  fitud\\  and  a  very  muc±  neater  one  than  that  sketched  in  Fi|ps. 

9tAt  Mnci)  of  the  lamentafohr  prevalent  bad  pcactice  in  snt^  drtaite  as  wfc 
buve  been  considering  corner  from  tbe  fact  ttaa.  the  hne  m  sttiriirtS  in  detail  nnlf, 
or  nil  br  bit,  and  not  as  a  whole,  as 


it  idionlii  be.  If  we  aliow  outbcIvcs 
tDthmk  only  of  tbe  three^mi^  sticicb 
AD,  Figs.  194.  196.  iQ^.  and  think 
of  tbe  consequence  of  throwing  tbe 
line  oni  tc-  C  £  xv  pass  from  A  to 
J>.  tbe  mind  revolts  froin  ii  a:  nncc. 

The  rectanpitr  CC£Jy.   Fi^    iqf;.  ob-  / 

trucks  iiscii  upon  the  mmd  while 
tlie  pTv\f:tr>.  IS-  nichoait.  and  thus  the 

mind  is  mort  repel  n^c  by  ii  ihar<  when  tbe  complete  line  »  laid  down, 
lie  seen  a:  oner  by  comparinj:  Figs,  lof  and  104..  which  arc  really  **  similar"  to 
each  utbcT  aiinoufrt.  iney  do  not  look  it.  If  tbe  mind  were  able  to  take  in  in 
ttoe  prtrporii'.ir.  the  vaatty  grcaicr  distances  on  rach  side  which  are  not  injuri- 
ously afirctec  a:  al..  whiir  thry  are  nsade  passable  ior  twice  as  heavy  trains  tbexv- 
nr.  tnt  oiJi*:c:iun}-  n  the  deviaiior  would  at  once  begin  to  fade  away  Bui  this  ffie 
mind  cannat  ai  without  Bome  assistance,  which  is  one  of  tbe  many  reasons  whf 
8MALI  SCAI.F  mapf  anc  sua:.!  scA.Li:  profiles  should  be  kept  up  during  ths 
ai  survrys^  witt  evec  graatar  care  than  tbaae  on  walking 
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HOW    TO    PROJECT    PUSHER   GRADES. 

906.  Suppose  that  instead  of  there  being  five  or  six  such  low 
ridges  as  that  sliown  in  Figs.  194  or  196,  scattered  irregularly 

over  the  division,  there  is 
only  one,  but  six  times  as 
high,  as  sketched  in  Fig.  199. 
^»G-  «99.  Fig.  196  may  still  serve  as  a 

map  of  such  a  point.  As  between  the  air-line  and  the  bowed 
line,  IF  EACH  IS  to  be  operated  in  the  same  way,  the  case  is  not 
affected  in  tlie  slightest  by  the  greater  height  of  the  ridge  and 
length  of  the  lines  AB'  and  CD,  The  bowed  line  is  much  the 
best.  The  bunching  of  the  obstacles  at  one  point  does  make 
this  difference,  however,  that  there  is  now  a  rational  choice  in 
favor  of  assistant  engines.  For  any  considerable  traffic  the  short 
line  with  pusher  grades  will  be  very  probably  the  better.  The 
volume  of  traffic  makes  a  difference  in  two  ways:  First,  the  as- 
sistant power  can  be  more  exactly  adapted  to  requirements ; 
second,  a  heavy  traffic  is  almost  sure  to  be  largely  competi- 
tive, thereby  diminishing  the  credit  side  to  the  value  of  dis- 
tance. 

Pusher  grades  may  be  divided  into  two  classes,  each  of  which 
requires  different  treatment  and  will  be  considered  separately  : 

I.  Those  surmounting  low  elevations  by  the  easier  gradients. 

2  Those  making  long  ascents  (say  over  700  or  800  feet)  on 
rates  which  must  be  conspicuously  more  severe  than  the  through 
grades  on  either  side,  as  where  i^  per  cent  grades  or  over  are 
required. 

J 

PUSHER  grades  ON  EASY  GRADIENTS. 

907.  When  it  is  seen  that  the  use  of  pushers  is  unavoidable  if  a  low 
through  grade  is  to  be  obtained,  the  first  question  which  arises  is :  Which 
is  tO  be  the  limiting  gradient, — the  low  through  grade  operated  by  one 
•engine,  or  the  pusher  grade  operated  by  two  engines?  Ordinarily  it 
.irill  be  the  pusher  grade,  for  two  reasons : 

I.  The  lower  pusher  grades  must  be  reduced  in  rate  nearly  twice  as 


^jid 
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iut  as  the  through  grades  to  keep  the  balance  equal,  as  is  evident  tem 
the  foUowing  figures,  taken  from  Table  182  : 

Through  Gfade....      Level         0.1         0.2         0.3         a4         Ol$         Ow% 

Posher  Grade 0.38         0.57       0.76       0.95       i.ia       1.S9       i.<|9 

Differences 0.19        0.19       0.19       0.17       ai7       oil 

For  a  ontform  difference  in  through  grade  of  o.io. 

It  will  usually  be  very  much  easier  to  reduce  the  through  grades^ 
complicated  by  no  high  elevations*  from  0.6  to  0.4,  than  to  reduce  the 
corresponding  pusher  grade  from  147  to  1.12,  especially  as  the  through 
grade,  from  the  nature  of  the  case,  will  be  mostly  in  short  undulations ; 
and  hence, 

2.  The  influence  of  momentum  (par.  397  //  seq,,  and  see  also  close 
of  this  chapter)  will  frequently  assist  greatly  in  reducing  the  virtual 
through  gradients  below  the  nominal  maximum,  or  can  be  made  to; 
whereas  long  pusher  grades  must  be  taken  at  their  actual  rate. 

908.  Assuming,  therefore,  the  pusher  grade  to  be  the  one  that  fixes 
the  virtual  gradient  of  the  whole  line  or  division,  all  that  has  been  said 
above  about  reducing  through  grades  applies  to  it  in  an  intensified  de«> 
gree.  The  saving  of  distance  or  curvature  should  be  wholly  subordi* 
nate  to  the  end  of  reducing  the  rate  of  grade  to  the  lowest  limits,  talcing 
csre.  however,  not  to  introduce  development  which  adds  so  much  to  cur> 
vature  that  the  compensation  destroys  nearly  all  the  gain.  A  resource  in 
extreme  instances  may  be  to  introduce  a  temporary  sag  in  a  grade  line, 
as  described  in  par.  832.  Sharp  curvature,  if  absolutely  unavoidable, 
should  be  used  here,  if  nowhere  else. 

In  this  way  reductions  of  grade  which  are  far  beyond  the  apparent 
possibilities  may  often  be  secured.  If  the  engineer  who  has  at  last 
secured  what  he  thinics  the  bqst  the  country  admits  of.  will  then  throw 
aside  all  his  preconceived  impressions,  and  start  in  afresh  with  the  idea 
that  he  is  all  wrong,  and  might  reduce  his  grade  o.i  i>er  cent  or  more  as 
well  as  not,  if  he  went  al>o  Jt  it  right,  the  chances  are  many  to  one  that 
he  will  not  be  disappointed,  and  reductions  rising  to  even  0.3  to  0.5  per 
cent  may  sometimes  be  obtained  without  a  dollar  of  extra  cost,  by  ab- 
surdly simple  means,  as  in  the  instance  described  below,  and  illustrated 
in  Fig.  200.  which  was  the  key-note  for  a  reduction  of  a  2  per  cent  grade 
some  15  miles  long  to  a  1.5  per  cent  grade,  with  a  cheaper  line. 

909,  In  the  case  illustrated  in  Fig.  200  a  located  line  aaa  had  first  been 
run.  on  a  2  per  cent  grade,  through  a  most  attractive  saddle  A  over  which  thi 
main  highway  already  ran,  requiring  a  short  tunnel  of  about  1000  ft.     The  sum 
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mit  of  ib«  grade  was  but  a  sbort  distance  back,  aod  A  wu  approacbed  bjr  a  tnuch 
lighler  grade;  butaccepling  if  as  a  SnalJly,  il  nas  utterly  imposiible  (o  find  mp- 
poiting  ground  for  (be  grade  at  a  saddle  about  4  miles  belon  A  nitb  a  Icm 
grade  than  1  per  cent.  The  grade  was  in  all  some  30  miles  long,  in  two  lae- 
cessive  sections  ol  9  and  6  miles,  respectively,  wirh  tome  little  broken  grade  in- 
termixed. 


Examination  indicated  (i)  that  except  over  this  stretch  at  the  head  of  iha 
grade  (here  would  be  no  serious  difficulty  in  reducing  the  whole  grade  to  I.  J  pet 
cent,  and  (3)  that  ihe  only  chance  for  reducing  it  above  was  by  Raining  develop- 
ments around  the  hill  DG.  The  very  capable  and  experienced  engineer  who 
had  made  the  first  location  was  ihrrcfore  instructed  (hat  (he  hill  must  be  (nmed 
if  possible.  He  ran  the  line  bbb,  accordingly,  [o  (he  point  £.  turned  amaximum 
curve  K.  and  reported  il  absolutely  impossible  to  turn  the  hill,  without  two  very 
high  viaducts  over  the  deep  gorge  H  and  a  tunnel  a(  K. 

This  looked  plausible  on  the  ground,  if  it  does  not  on  the  map.  StandlDg 
a(  L  (here  was  an  abysmal  gorge  below,  a  precipitous  knife-edge.  G.  of  soft 
'ock  above,  and  the  smoother  side  ot  Ihe  hill,  M,  wholly  invisible  and-alraoM 
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Inaccessible,  but  known  to  be  very  steep.  Really,  however,  there  wai  no  dliB- 
culty.  Running  an  approximate  line  EM  from  below,  and  connecting  across 
the  top  of  the  hill,  it  was  found  that  the  entire  line  could  be  fitted  closely  to  a 
steep  side-hill  except  for  one  deep  rock  cut  at  Cr  so  very  narrow  in  proportion 
to  its  height  that  a  single  heavy  blast  would  remove  it  ail  at  once.  This  threw 
the  line  nearly  100  ft.  lower  at  E,  saved  the  tunnel  A^  and  gave  much  better 
ground  below  as  well,  while  enabling  the  1.5  grade  to  be  easily  obtained. 

It  is  especially  important  to  exhaust  all  such  possibilities  on  low  and  short 
pusher  grades  (down  to  the  limit  which  balances  the  lowest  attainable  through 
grade),  because  the  use  of  two  pushers,  or  still  less  the  breaking  up  of  trains,  is 
rarely  expedient,  as  it  often  is  on  the  longer  and  higher  pusher  grades,  which 
we  will  next  consider. 

LONG    PUSHER   GRADES   ON   HEAVY   GRADIENTS. 

910.  This  second  class  of  pusher  grades  should  ordinarily  be 
studied  by  themselves,  quite  apart  from  the  remainder  of  the 
line.  Their  cost,  both  for  construction  and  for  operation,  will 
be  a  leading  factor  in  the  finances  of  the  line,  and  hence  should 
be  a  controlling  factor.  They  are  sufficiently  prominent  features 
in  the  operation  of  the  line  to  enable  the  motive-power  to  be  wel/ 
adapted  to  the  requirements  of  the  gradients,  whatever  they  may 
be. 

911.  These  causes  favor  the  adoption  of  low  rates  of  grade  for 
such  a  line: 

1.  As  the  gradients  rise  above  2  per  cent  the  loss  of  net  haul- 
ing capacity  becomes  more  serious,  owing  to  the  weight  of  the 
engine  and  tender,  and  (for  freight  trains)  caboose,  becoming  a 
larger  and  larger  factor,  as  shown  in  Table  189,  p.  t^.  From 
Table  170  we  see  that  on  grades  di£fering  by  i  per  cent  the  net 
hauling  capacity  is — 

Net  tons  load  Per  cent  Net  toot  load  Per  ecal 

Grade  for  St'od.  (a  per  ceot  Grade  for  SC*lld.  (9  per  ccat 

per  cent.        Aoierkao  eogioc.    ^radc  =  too).      per  ccsL       Americaa  eociae.    gr^de  »  m^ 

i.o  371  1932  4-0  78  40.62 

2.0  192  loo.o  5.0  53  27.60 

3.0  ii3  61.46  6.0  36  18.75 

2.  The  lower  grade  (if  obtained  by  development)  not  only  re- 
duces the  cost  of  operation,  but  increases  the  revenue  somewhat^ 
by  giving  a  larger  mileage.     On  some  costly  Hoes  of  thio  do» 
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competitive  traffic  this  may  justly  be  regarded  as  an  additional 
advantage  from  a  low  grade.  On  other  lines  it  might  be  an  al- 
most unmixed  disadvantage. 

3.  As  grades  rise  above  2  per  cent  or  2^  per  cent,  such  great 
caution  has  to  be  used  to  keep  trains  under  full  control,  both  in 
going  UD  and  down,  as  to  add  considerably  to  the  theoretical 
disadvantage,  both  in  loss  of  time  and  danger  of  accident. 

4.  A  lower  grade  will  often  be  found  to  lie  on  such  ground  as 
\o  decrease  rather  than  increase  the  total  cost  per  mile  to  sub- 
grade  (as  we  have  just  seen  in  par.  909),  so  that  the  difference  in 
cost  of  a  low-grade  or  high-grade  line  will  be  at  the  most  not 
great. 

5.  A  large  portion  of  a  continuous  descent  will  often  not  ad- 
mit of  using  a  higher  grade  than  a  certain  rate.  It  then  becomes 
a  regrettable  sacrifice  to  use  a  higher  grade  elsewhere  on  the 
same  descent,  although  if  the  grade  be  long,  traffic  small,  and 
difference  of  cost  great,  it  should  be  done. 

912.  The  Jalapa  line  between  Vera  Cruz  and  Mexico,  described  in 
Appendix  C  and  its  accompanying  plates,  is  a  good  example  of  the  effect 
of  every  one  of  these  causes  favoring  low  grades.  On  the  first  30  kilo- 
metres (20  miles)  of  the  descent  from  the  summit,  although  a  slightly 
steeper  than  2  per  cent  grade  might  have  assisted  somewhat,  a  4  per  cent 
grade  would  have  thrown  the  line  so  low  as  to  bring  it  on  much  worse 
ground. 

913.  The  descent  from  Tepic  (see  par.  917),  on  which  the  spiral  oc- 
curs, shown  in  Figs.  207,  208,  is  a  good  illustration  of  the  fifth  cause 
above.  From  the  summit  down  to  the  foot  of  the  spiral  more  than  the 
adopted  rate  of  2.6  per  cent  could  not  possibly  be  used,  except  by  throw- 
ing away  elevation  with  level  stretches,  since  that  grade  brought  the  linb 
down  to  the  very  bed  of  the  stream  under  the  viaduct.  The  same  grade, 
in  the  main,  fitted  the  bed  of  the  stream  very  well,  although  for  5  or  6 
miles  it  was  necessary  to  hold  up  above  the  bed  somewhat  at  some  expense. 
As,  therefore,  there  were  only  some  5  or  6  miles  out  of  the  30  miles 
of  2.6  grade  (broken  by  some  short  unavoidable  levels  below)  in  which 
the  descent  of  3000  feet  to  sea-level  was  made,  it  would  have  been  an  un- 
warrantable sacrifice  to  break  the  grade  on  the  short  stretch,  where 
(only  by  raising  it  to  about  4  per  cent)  some  appreciable  economy  might 
be  realized,  even  for  the  thin  traffic  expected. 
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9l4i  The  following  causes  favor  the  selection  of  high  rates 
of  grades  for  such  sections  of  line: 

1.  It  usually  very  much  reduces  the  cost  of  construction 
which  is  probably  high  at  best — a  consideration  of  great  impor* 
tance  (par.  29). 

2.  If  the  rate  of  a  higher  grade  can  be  maintained  unbrokei^ 
s^  thai  its  length  is  decreased  inproporHam  as  its  rate  is  increased^  the 
total  motive-power  is  not  increased  (Table  181  and  par.  747) 
even  if  the  total  leng^th  of  the  line  between  termini  is  not  de- 
creased by  the  higher  gprade,  Le.,  if  the  respective  profiles  be- 
tween  the  two  termini  are  as  in  Fig.  201.  If  the  lower  grade 
is  only  to  be  obtained  by  interpolated  distance,  so  that  the  foot 
of  both  the  low  g^de  and  high  grade  falls  at  nearly  the  same 
point,  the  advantage  in  motive-power  needed  is  still  more  in 
favor  of  the  high-grade  line. 

3.  The  loss  by  multiplication  of  trains  and  train-wages^ 
which  is  otherwise  so  very  serious 
on  high  grades,  is  obviated  in  part 
by  using  two  or  three  engines  per 
train,  which  it  is  not  practicable 
to    do  with  heavy  through    trains  Fia  aoi. 

over  a  wnole  division.  This  advantage  is  to  be  assumed  with 
caution,  however,  as  within  the  extreme  limits  of  choice  which 
the  engineer  has  ordinarily  before  him  (say  not  over  i  per  cent 
in  most  cases)  the  same  number  of  engines  per  train  can  be  used 
Qti  either  the  highest  or  the  lowest  rate. 

915.  4.  The  base  is  much  stronger  in  favor  of  high  grades 
when  the  low  grade  is  only  to  be  obtained  by  hanging  on  a 
rough  side-hill  as  against  lying  in  the  bed  of  a  stream,  or  with 
other  great  contrasts  in  facilities  of  construction,  as  in  the 
St.  Gothard  Railway,  where  a  low  grade  was  obtained  only  by 
:he  desperate  ex{>edient  shown  in  Figs.  202  to  206: — turning 
spiral  tunnels  into  the  solid  rock  and  thus  introducing  so  much 
pure  development  between  the  same  termini,  so  that  a  higher 
grade  would  have  shortened  the  pusher  runs  almost  exactly /r^ 
rata,  and  left  the  same  amount  of  motive-power  required  for  the 
passage  between  termini  in  either  case.  On  the  Italian  side  of 
the  mountain,  indeed,  these  soirals  aopear  to  have  been  an  en« 
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Figs.  202  and  204  are  profiles  of  the  bed  of  the  valleys  approaching  the  St 
Gothard  tunnel,  with  the  scale  shown  in  miles.  On  the  Italian  side  of  the 
mountain  the  bed  of  the  stream  was  broken  by  cataracts,  and  it  will  be  seen  by 
the  dotted  grade-lines  plunging  below  the  river-bed  that  by  simply  developing 
the  spiral  tunnels  into  straight  ones,  adding  nothing  to  their  length,  the  same 
grade  up  the  mountain  would  have  been  obtained  with  a  material  saving  of  dis* 
tance  and  curvature,  and  hence,  of  course,  of  cost.  Such  a  straight  tunnel 
would  start  in  at  the  lower  portal  of  the  fifth  rising  curve,  near  A^  Fig.  205,  and 
take  a  straight  course  through  the  words  '*  Fig.  205"  to  a  point  beyond  the  limits 
of  Fig.  205,  where  it  would  again  emerge  into  the  valley,  requiring  a  tunnel  of 
a  trifle  over  3  miles  long,  or  about  what  there  is  now  of  tunnel  on  the  same 
stretch,  saving  all  the  other  work  and  distance.  The  same  is  true  in  substance 
of  the  two  lower  raising  curves,  or  of  the  upper  one  at  least. 

The  fact  that  this  throws  the  grade-line  below  the  bed  of  the  stream  looks 
bad  on  the  profile,  but  should  not  be  allowed  to  deceive.  The  tunnels  plunge 
into  the  bowels  of  vast  overhanging  mountains  of  solid  rock,  and  can  be  kept 
as  far  away  from  the  stream  as  desired,  if  there  were  need  to  consider  it  at  all. 
The  only  visible  gain  from  the  spirals,  therefore,  was  to  have  the  same  engi- 
neering curiosities  on  one  side  of  the  mountain  as  on  the  other. 

On  the  Swiss  side  of  the  mountain,  Fig.  202.  the  spiral  developments  shown 
in  Fig.  203  were  essential  for  the  purpose  sought,  to  reduce  the  grade  to  137  fL 
per  mile.  To  have  followed  the  natural  grade  of  the  valley  would  have  required 
from  197  5  to  237.5  ft.  per  mile  grades,  according  to  how  closely  the  bed  of  the 
valley  was  followed.  By  the  aid  of  the  long  Table  170  we  may  see  how  much 
real  economy  in  motive-power  was  effected  by  these  developments  in  taking  the 
traffic  from  Silenen  to  the  St.  Gothard  tunnel.  Neglecting  the  actual  distance, 
which  it  would  be  unfair  to  consider,  we  may  say  that  the  length  of  the  moun- 
tain grade  in  miles  should  be  about  inversely  as  the  rate  of  grade.  Then  we 
have,  for  a  standard  Consolidation: 

Grade.  Comparative  Comp.  Net  Load  of  Bng.       Comp.  Eng.  Miles 

Ft.  Per  Mile.  Length.  Tons.  Per  Cent.  Per  Through  Too. 

137  lOO.O  319  lOO.O  100 

I97i  69.3  210  65.9  105 

219  62.5  184  57.7  108 

237i  57.7  165  51.7  mi 

In  other  words,  comparing  the  constructed  grade  with  the  I97.5.ft.  grade 

only,  in  a  valley  distance  of  10  miles,  4  4  miles  ( )  of  tunnel  development  y^Kg 

\69-3/ 
introduced  with  the  effect  of  saving  only  5  per  cent  of  the  engine-miles  necessary 

to  move  a  car  through,  and  perhaps  2|  percent  of  the  cost  of  movement.     Such 

errors  result  from  lack  of  study  of  the  economic  side  of  railway  location.    There 

could  be  no  better  illustration  of  the  broad  distinction  between  reducing  the 

rates  of  through  grades  and  of  pushet  grades  stated  in  oar.  747. 
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EXPEDIENTS  FOR  REDUCING  THE  RATE  AND  COST  OF  HIGH  GRADES. 

916.  The  following  are  among  the  chief  resources  for  obtaining  the 
best  results  on  long  ascents.     They  should  always  be  borne  in  mind : 

I.  Hunt  for  some  place  on  any  part  of  the  ascent  where,  for  half  its 
total  length  or  more,  a  fairly  good  and  cheap  line  may  lie,  in  spite  of  sur- 
rounding difficulties.  Find  what  rate  of  grade  will  fit  this  sec- 
tion AND  WORK  each  WAY  FROM  IT,  instead  of  going  always  to  the 
summit  and  working  down — which  is  a  good  rule  for  small  descents,  but 
will  often  lead  one  far  astray  on  long  ones.  In  other  words,  find  out 
what  are  or  ought  to  be  the  governing  points,  which  may  or  may  not 
be  the  summit,  and  work  from  them.  In  running  a  first  rough  prelimi- 
nary it  is  ordinarily  best  to  start  from  the  summit,  but  on  a  second  line 
it  is  rather  the  rule  than  the  exception  that  it  should  not  be  done. 

917i  Fi$.  207  shows  a  remarkable  example  of  the  advantages  of  this  method, 
from  the  location  of  the  lower  end  of  the  Pacific  Branch  of  the  Mexican  Central 
Railway,  on  the  descent  from  the  city  of  Tepic  to  the  coast  fiats.  Several 
efforts  were  made  by  various  engineers  to  obtain  a  practical  line,  which  are 
distinguished  as  first,  second,  and  third  lines  in  Fig.  207,  but  without  any 
very  satisfactory  result,  until,  aided  by  the  knowledge  gained  in  the  previous 
surveys,  the  idea  of  the  spiral  line  was  conceived  and  pushed  to  a  successful 
completion,  with  a  reduction  of  considerably  over  half  in  the  estimated  quanti- 
ties of  the  line.     The  conditions,  briefly  stated,  were  these: 

The  town  of  Tepic  is  at  an  elevation  of  915  metres,  or  3035  feet,  above  the 
sea,  and  distant  only  some  17^  miles  east  therefrom,  half  of  which  is  a  dead 
flat  rising  but  a  few  feet  above  the  sea,  so  that  the  entire  rise  would  have  had 
to  be  made  on  a  direct  route,  within  an  air-line  distance  of  som<;  nine  miles. 
Descending  from  Tepic  (see  Fig.  207),  the  line  first  follows  the  valley  of  the 
Tepic  River  until  it  diverges  therefrom  (as  it  flows  in  an  entirely  wrong  direc- 
tion and  becomes  impracticably  rough)  and  strikes  across  into  the  valley  of  the 
smaller  Ingenio  River  at  the  Rincon  Pass,  marked  "controlling  summit "  on 
Fig.  207,  at  an  elevation  of  2508  feet  (795  metres)  above  the  sea. 

Up  to  this  point  the  descent  was  on  less  than  a  2  per  cent  grade  and  offered 
no  difficulty,  although  requiring  some  heavy  work  and  affording  views  of  great 
sublimity  and  beauty  over  the  rugged  and  abrupt  descent  to  the  coast  flats. 

In  descending  from  this  controlling  pass  into  the  valley  of  the  Ingenio 
River  (which  is  the  long  stream  in  Fig.  207  which  the  line  follows  below  the 
spiral),  the  usual  difficulty  was  encountered,  that  the  first  descent  was  ex- 
ceedingly sharp.  In  an  air-line  distance  of  two  miles,  from  the  controlling 
summit  to  the  lower  left-hand  corner  of  the  spiral  in  Fig.  208,  there  was  a  de 
scent  of  some  490  feet.  Moreover,  the  valley  of  the  Ingenio,  while  entirely 
practicable  for  a  line  in  or  very  near  to  the  bed  of  the  stream,  had,  for  many 
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miles  below  the  spiral  (to  near  B,  Fig.  207),  abrupt  and  rugged  banks  several 
hundred  feet  high,  of  the  same  impracticable  character  as  those  shown  imme- 
diately below  the  spiral  bridge,  Fig.  208,  although  below  B  the  valley  became 
more  tractable. 

918i  Under  these  circumstances,  since  it  was  impossible  to  descend  into 
the  bottom  of  the  valley  on  any  practicable  grade,  and  since,  unless  this  were 
done,  the  line  must  be,  for  a  long  distance  below  the  spiral  afterward  adopted, 
entirely  above  the  immediate  slopes  of  the  valley  ;  to  avoid  the  most  excessive 
work,  a  comparatively  light  trial  grade,  2  per  cent,  was  not  unwisely  adopted 
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Fig.  907.— Routrs  of  Various  Survsys  for  the  Grade  dsscBNoiNG  to  thb  roAsr 
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for  running  the  three  first  lines  shown  by  dotted  lines  on  the  map.  These 
lines,  otherwise  differing  from  each  other  greatly,  agreed  in  swinging  around 
the  area  covered  by  the  spiral  and  close  to  the  latter,  although  off  the  area  cov- 
ered by  the  map  of  the  spiral  in  Fig.  208.  To  trace  them  on  Fig.  208,  start 
from  near  the  scale  and  title  and  pass  thence  to  the  right,  then  down,  and  then, 
at  the  bottom  of  the  map,  to  the  left,  to  a  point  between  A  and  B  on  the  small 
scale  map.  Fig.  207.  At  this  point  they  were  already  far  above  the  grade  o»* 
the  spiral  bridge,  so  that  they  soon  left  the  excessive  slopes  of  the  valley  and 
struck  comparatively  easy  work  on  the  narrow  ridge  lying  between  the  valleys 
of  the  two  parallel  streams  shown. 

Nevertheless,  the  work  on  all  three  of  the  lines  was  excessive,  while  the 
low  grade  required  a  great  amount  of  otherwise  unnecessary  development  and 
curvature.  Two  of  these  lines  were  located  on  paper  and  profiles  made,  but 
Qo  accurate  estimates  were  ever  made  of  them,  as  the  work  was  very  forbid- 
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ding,  involving,  in  spite  ai  the  use  of  17*  curves,  a  number  of  tnnneli  and 
many  retaining- walls  and  small  viaducts. 

These  facts  made  it  clear,  if  it  bad  not  been  beforp.  thai  the  attempt  to  End 
a  line  by  starling  from  the  summit  as  a  controlling  point,  and  letting  it  fall 
thence  where  it  would,  must  be  abandoned  and  a  line  chosen  lying  in  the  bot- 
tom of  the  valley  as  a  fixture  and  worked  from  at  each  end  ;  that  being  the 
only  place  where  a  really  economical  line  could  lie  for  the  entire  distance  down 
to  C.  Fig.  ao7. 

A  random  lioe  in  the  bed  of  the  stream  showed  that  a  3.6.  per  cent  grade 


(137  feet  per  mile)  was  Ihe  lowest  adapted  to  it.  and  in  assuming  the  line  to  be 
in  this  position,  and  extended  from  each  end  (i.e.,  conceiving  (he  line  fixed 
under  the  bcidse  in  ^Ig.  zoS),  the  ascent  ihence  up  the  upper  small  stream  was 
(for  the  country)  mere  surface  work,  and  the  extraordinarily  favorable  point 
(or  the  high  crossing  (the  narrowest  for  mites)  naturally  suggested  sweeping 
the  line  around,  through  a  deep  but  narrow  cut,  into  the  loner  smalt  valley,  so 
as  to  crossover  itself  by  a  high  viaduct,  and  thence  ascend  to  the  summit. 
Above  the  viaduct  it  follows  up  ibe  right  slope  of  the  small  stream  shown  ju(t 
under  the  title  to  Fig.  ao8,  being  on  the  opposite  side  from  the  three  previous 
lines,  which  chanced  also  to  be  somewhai  Ihe  best  side. 

It  was  fnuod  on  exienJing  the  line  up  to  the  summit  that  it  left  some  sparf 
elevation,  and  (his  was  properly  concentrated  within  the  spiral,  in  order  to 
make  the  bridge  as  low  as  possible. 

9t9,  There  was  a  possibility  of  a  direct  I^ne  from  Tepic  to  the  head  of  th« 
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■pirftl,  following  approzimatcljr  the  bigbwaj  via  La  Fortunm.  Imt  it  wu  aoC 
deemed  worth  lurvey,  for  these  reasons: 

First. — It  was  certain  that  it  conid  afford  no  better  grade,  and  bnt  littkt  ^ 
any,  difference  in  curvature,  distance,  and  cost. 

Second. — The  fine  water-power  of  the  Rio  de  Tepic  would  have  been  left  at 
one  side,  wiih  the  mills  already  on  it.  and  the  others  which  were  very  Ukely  to 
be  placed  there — water-power  being  very  scarce  in  Mexico. 

Third. — There  was  considerable  local  traffic  from  La  Escondida  and  points 
beyond  it  to  the  west,  which  would  be  lost 

Fourth. — A  dull,  uninteresting  ride  would  have  been  substituted  for  one  of 
the  greatest  scenic  attractions.  A  chief  dependence  for  the  traffic  of  the 
Pacific  Branch  (and  for  the  main  line  of  the  Mexican  Central  as  well)  bttng 
tourist  traffic,  and  much  of  the  r«Mnainder  of  the  line  being  of  great  loenk 
beauty,  this  alone  was  deemed  a  decisive  consideration. 

920«  The  leading  dimensions  of  the  spiral  and  viaduct  were  at  follows: 

Length  of  spiral,  2,637  metres =  8,653  feet  ss      1.64  mikt. 

(405  -|-  60  =  66q  -f-  30,  with  lo-metres  station). 

Descent  in  spiral,  actual 5300  metres  =  173.9 

Descent  in  spiral,  on  2.6  grade 68.56      " 

Loss  of  elevation  in  do 15-56  metres. 

Utilised  as  follows: 

For  curve  compensation,  303  degrees  (at  0.06  per 

degree) 5.56  metres. 

Spare  elevjiiion.  utilized  for  a  station  ground  and 

water  station  at  south  end  of  spiral lO.OO      " 

Viaduct    I. rng ih.  aoL>  metres =656 

Height.    5.^      " =173-9      •• 

The  height  is  above  the  grade-line.     Above  low-water  il  was  some  7 
tRore 

v'^iher  nfik^urces  lor  rcdiioinj:  the  rates  of  long  ascents  are : 

921.  :    •::v'..-\^;    i^kvflopmfnts,   obtained  by  finding   a 
po.:::  ^vV  :/e  '.;::e  to  :ur:i  a  h.i'.: -circle  and  return  upon  itselL  ofiea 
p.":er.«'A  :,;v*-.'..:.»:e  .i  :AVv>r.ib".e  tysu'i.  en.tbiini;;  the  possibilities  of 
\vr*r  i"  s^v".  .^:i  v'^:  ,»  '.or.?:  ^iesscn:  iv>  be  ut;*..2ed  to  ihc  utmost. or 
t  ^  e     '  r  :  .^  s  i^;*  -.^  A  A  jL\  : :  o:r.  : :-  e  m  ore  ser :  ous  c  itficult ies»     The 
—r-:  ,"-  :^f  "aa-.v;  ..ne.  A:^-.vr.,'.:x  C  is  a  cvxi  example  of  this 
^  \    ;r^  .^:  .;<  *c  ,;  >-.a-:*  .*.:rve  vwos.v^r.ally  is  a 
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Fig.  309  is  another  csample  to  tcmle  o(  tuch  ligMg  or  honeilM*  develop-' 
toenV  on  the  Urn*,  ft  Orojr«  lUllway.  ia  P«ni.    The  dUuoM  from  AVaS  hoft! 

.onflljr  te  570  fe«. 
and  vertically  ii  36$ 
(ect.  The  horizontal 
distance  from  C  laD 
ia495  (eel,  vertical  dis- 
tance 360  feel;  length 
o(  tine  from  A  \o  Da 
4  miles.  The  usual 
rule  on  ihii  road  was 
to  use  snitchbaclis  for 
■uch  developments,  as 
fhown  in  Figs.  siS-ii.  In  all 
The  curve  at  Sacrape  is  14°  30'. 
922.  3.  Spirals  might  b 


SACRAPE  |P,o.  ^ 

these  cuts  the  dotted  lines  represent  innndi. 
xd  to  great  advantage  much  oftener  than 


Fii^  .^o.-BridoSmiiai.  Fic  111— TuNHit  Smuai. 

'ihey  are.     A  spiral,  aUo  sometimes  called  a  "loop. "  is  a  doubling  back 

o(  the  line  upon  itself  so  that  it  returns  under  itself  at  a  lower  elevation. 

Thev  nre  of  two  classes:  BRIDGE  Spirals,    Fig.  210,  in  which  the 

upper  end  of  the  spiral  Is  carried  over  the  lower  on  a  high  viaduct,  and 
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TUNNEL  SPIRALS,  Fig.  Ill,  in  which  the  lower  end  of  the  spiral  passes 
underthe  upper  end  with  a  tunnel.  Figs.  215-317  show  one  of  the  most 
extensive  applications  of  the  principle  of  spiralling  (made  possible  only 
by  very  peculiar  topographical  conditions)  which  was  ever  attempted, 
but  a  better  hne  was  afterwards  found.  In  the  typical  bridge  spiral  the 
line  swings  around  the  slopes  of  a  valley  or  basin,  and  in  the  typical 
tunnel  spiral  the  line  swings  around  the  slopes  of  a  central  hill.  The 
tunnel  spirals  of  the  St.  Gothard  line  (Figs.  202-206)  are  also  tunnel 
spirals,  in  a  sense,  but  of  a  third  class,  which  does  not  swing  around  any- 

933.  The  bridge  spiral  on  the  descent  to  Tepic,  Figs.  207,  208,  illus- 
Uatcs  the  advantage  gained  by  them,  which  is  to  make  a  sudden  and 
great  drop  at  one  spot.  They  are.  when  well  laid  out,  not  costly  feat- 
ures, and  bridge  spirals  especially  facilitate  that  most  important  end  of 


5. 

Fig.  ii].-M«p  or  Shiial  oh  Uiiro«  Pacihc  R*ilw*v,  showh  in  Fig.  11.. 

getting  down  into  the  bed  of  a  stream  as  soon  as  it  lias  descended  so  f&L 
from  its  source  that  it  may  be  said  to  have  a  bed.  It  is  to  be  remem- 
bered in  laying  out  bridge  spirals  that  the  height  of  iron  viaducts  is  1 
minor  factor  in  their  cost  (par.  1274).  They  are  a  rare  feature  in  location, 
and  must  always  remain  so,  but  might  sometimes  be  used  to  advantage 
where  they  are  not.  Figs.  213- '14  allow  the  only  bridge  spiral  in  tb* 
United  States. 
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descent  into  a  river  val- 
ley it  is  an  almost  invari- 
able   rule    to    DESCEND 

against  THE  SLOPB  OP 
THE  VALLEY,  even  at  the 
cost  of  turning  a  half- 
cirde  as  soon  as  the  bot- 
tom   is    reached.     The 
length  of  the   side-bill 
descent    ts    much     de- 
creased.    It  Is  Kill  bet- 
tor the 
descend 
of  some 

11^^  de- 
bed  to  the 
Figs.  21  s- 
217  give  an  actual   in- 
stance on  a  large  scale. 

In   Fig.   91;  a  descent 

was  to  be  made  from  E,  at 

sea  of 

saiu         i«i.).to 

^  of  the 
Ameca  River,  at  an  eleva- 
tion of  I130  feet  (340  m.) 
,^i^ofsome 
1 880  feet,  to 
an  air-line  d 
to-*  of 

Ameca  River  lies  along  the 
bottom  of  FiK.  315.  flowing 
to  the  left  with  a  sharp 
descent  of  over  one  per 
cent,  BO  that  beneath  the 
spirals  FG.  shown  in  detail 
in  Figs,  3[6,  317,  the  bed 
of  the  river  was  only  I030 
feet  (310  m.)  above  sea. 
-<l      iry  AB  had   a 
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still  sharper  descent  of  over  2  per  cent,  and  the  circumstances  of  the  location 
made  it  clear  that  the  ruling  grade  on  the  descent  must  be  at  least  2f  per  cent. 
The  location  shown  in  Fig.  216  is  3  per  cent  compensated,  about  2.6  per  cent 
actual. 

At  the  left  of  Fig.  215  was  another  tributary,  EG^  falling  far  too  fast  for  any 
line  to  follow  it  directly,  but  making  a  very  high  and  sleep  backbone  or  knife- 
edge  at  FG  of  solid  basaltic  rock,  overlaid  for  the  most  part  with  a  thick  surface 
deposit  of  volcanic  lufa,  or  tepetate.  This  knife-edge  had  excessively  steep 
slopes  on  both  sides,  as  will  be  seen  from  Fig.  216.  extending  down  to  the  river- 
bed 1000  feet  below,  and  had  the  further  remarkable  peculiarity  that  the  sides 
swelled  in  and  out,  making  it  very  thin  at  points  and  thicker  at  others. 
These-  unusual  topographical  features  made  conveniently  possible  such  an 
unparalleled  series  of  spiral  developments  as  are  shown  in  Figs.  216,  217, 
which  took  very  kindly  to  the  natural  surface,  so  that  they  could  be  executed 
at  very  moderate  cost,  as  the  minutely  accurate  topography  of  Fig.  216  will 
show. 

929.  Under  these  circumstances  there  were  two  possibilities  for  the  de- 
scent from  £  10  A:  First,  the  line  EDCBA,  which  subsequently  proved  to  be 
by  far  the  best;  and,  secondly,  the  line  EFGHA,  Influenced  by  the  ease 
with  which  great  development  could  be  obtained  in  a  small  space  and  at 
small  cost  at  FG^  Fig.  215.  as  shown  in  detail  in  Figs.  216,  217,  the  latter 
line  was  examined  first;  the  only  useful  result  of  this  work  having  been  that 
it  is  possible  to  present  to  students  the  instructive  study  in  location  shown 
in  Figs.  216,  217.  where  six  successive  spirals  are  shown  (the  lowest  one 
finally  abandoned),  accomplishing  a  descent  of  613  feet  (187  m.)  within  a  hori* 
zontal  distance  of  about  1800  feet,  measuring  from  the  highest  to  the  lowest 
points  shown  on  the  map.  The  developed  distance  between  these  same  points 
was  445  miles  (7.18  kilos).  Measuring  from  the  nearest  points  of  the  first 
and  fifth  spiral,  a  descent  of  426  feet  and  a  development  of  nearly  3^  miles 
was  obtained  between  points  only  558  feet  apart  horizontally.  The  lowest 
(abandoned)  spiral  gave  a  further  development  of  .855  mile  and  a  descent  of 
125  feet  within  a  horizontal  distance  of  263  feet.  A  striking  feature  of  the 
development  was  the  two-story  iron  viaduct  outlined  on  Fig.  216;  a  precipice 
over  200  feet  high  for  a  short  distance  at  one  point  enabling  the  line  to  pass 
twice  over  the  same  viaduct  at  elevations  100  feet  apart. 

The  value  of  such  a  feature  as  an  advertisement  and  attraction  to  trave. 
for  a  line  which  must  in  any  case  be  largely  dependent  on  tourist  travel,  was 
an  element  not  to  be  despised;  but  it  was  all  but  certain  that  the  true  loca- 
tion must  have  been  by  the  northerly  route,  as  was  found  to  be  the  case! 
for  (i)  the  stretch  ED  lay  along  the  natural  surface;  (2)  the  stretch  AB^  accom- 
plishing nearly  one  fourth  of  the  rise,  lay  in  the  bed  of  a  tributary  stream 
rising  nearly  as  fast  as  the  desired  grade.  All  that  was  necessary  by  this 
ronte,  therefore,  was  to  find  ground  on  which  the  descent  from  D  to  B,  and  tbt 
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AppcadaC* 


Fig.  ax5. 


When  descents  of  over  looo  feet  are  to  be  grappled  with,  and  often  wlik 
less,  the  writer  believes  they  should  be  used  much  more  freely  than  tbqf 
are.  if  laid  out  in  the  wav  described,  so  that  the  stop  and  reversal  of  the 
direrti(ui  of  motion  involves  no  loss  of  time  or  power,  either  theoretically 
or  practically.  If  laid  out  in  the  ordinary  way  they  are  far  more  obJQD* 
t  ionable.  Their  etlect  to  reduce  the  cost  of  construction  is  very  great,  aai 
there  is  no  neces>ar>'  loss  of  time  or  power  from  the  stop.  FigSb  2ia-ai4 
show  a  locality  wIutc  well  laid  out  switchbacks  would  have 
more  eiH^ne^mical.  and  have  ^iven  better  results  in  other  ways^ 


L 


<r»ST  OP   TMB   **CtJ- 

^  PROJICTBO    ONTO     A 

=^G   THB   Spirals   in 


:3f4/  »niy  tkre*  tinus, 

r"  \  tbe  least  ezaKger« 
of  the  slopes  liiem- 
g  be  seen  to  be  much 
ae  crest  or  ridge.) 


S6,  217. — The  base-lines  for  the  topography  (which  is  minutely  ac- 
r^dotted  lines  covering  the  hill.  The  whole  body  of  the  ridge  was 
^  solid  underneath,  but  cracks  on  the  surface  in  cooling  into  loose 
^ons  of  the  contour-lines  are  not  put  on  in  the  best  manner.  They 
Yoss  the  lines,  or  across  gaps  in  them.  The  degrees  of  the  curves 
xof  20-metre  (65.6-ft.)  chords.  They  should  be  increased  about  one 
>)e  correct  for  loo-ft.  chords.  The  facilities  which  a  judicious  sys- 
3^es  offers  for  conducting  location  is  apparent  from  Fig.  216.  The 
3ed  at  an  offset  for  introducing  transition  curves,  making  no  effort 
3ar  offset,  and  any  curve  or  tangent  on  the  map  can  be  shifted,  re- 
3  the  line. 

^r  is  shown  throughout  the  map,  from  which  it  can  be  seen  at  once 
^ents  are  possible  at  a  number  of  points.  Including  the  lower 
sed  lines.  4.45  miles  of  development  and  613  ft.  of  elevation  were 
llyat  a  single  point,  without  any  loss  of  distance  whatever.  The 
"the  face  of  the  globe  where  such  a  result  would  be  so  conveniently 
~e  it  was  probably  cheaper  than  a  system  of  switchbacks  such  as 
ix  C. 


e. 


'^:.. 


i^^iJi 
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927.  The  following  Figs.  aiB  la  lai  are  examples  of  switchbacks  from  ibe 
Lima  A  Oroya  Railway  in  Peru.  They  give  an  idea  of  the  advaDUge  which 
they  give  (or  local  ion, 

but    ihey    were    not  p\'*^S. 

properly   laid   out   to  ''"^      .^•'^ 

reduce  the  disadvan-    ^^ 
tage   of   a  Slop   ii 
minimum.      Fig. 
shows  a  ralher  ui 
al     and     unfavorable 
method  of  laying  Ihem 
out,   the    BwilchbacLs 
being  usually  in  pairs, 
as   in    Figs.    219-211, 
and  as  near  together 
as   possible,  so  as  10 

reduce  the  distance  on  whicb  the  train  runs  backward  to  a  min[nfiim.  From  A 
to  B  is  3f  miles  by  Ihe  line.  In  an  air-line  iheyare  855  feel  a^t  boriionutty, 
and  S4J  feel  apari  vertically. 

■    Frnm  I  m  »    Fiir    sir^,  is  5  milcs  by  Ihc  lioc  and  t( 
.e  horiiontal  distance  between 
rlical   distance  6is  feet.     The 
en  E  and  F  lS'46j  feet,  vertical 
I  an  average  dope'steeper  than 
I  to  I,     Many  such   places 
were  entirely  inaccessible  to 
bipeds,  and  the  line  waa  only 
located  by  malting  as  careful 
topographical  maps  as  possi- 
ble,projcctingalocallon.and 
iriangulating  in  points  on  il 
for  beginning  construction. 
illos,"or  •' Little  Hells,"  Fig. 
.es   for  some   distance,  with  a 
between  two  wall*  of  rock  Ifaal 
r  to  a  bei);bi  of  3000  to  isoc 
nder  these  high  points  the  line 
crosses  the  river  on  a  bridge 
a  heifrht  of  165  feet  above  the 
mother  tunnel. 
Pi^  From   I  to  a.  Fig.  aio,  by  line  of  road  is  4I 

miles,  comprising  eight  tunnels.  An  air-line  trom 
I  to  3  is  i|  miles.  The  lioriianial  disunce  from  .,4  to  ^  is  44s  feet,  venicaf 
distance  310  feet. 
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Strike  out  all  curves  sharper  than  10°  (573  ft.  radius)  from  this  list, 
and  we  multiply  the  cpst  by  at  least  four  or  five  at  once ;  besides  which, 
this  particular  line  becomes  wholly  impossible,  since  the  turn  could  not 
have  been  made  around  "Nigger  Hill"  nor  in  "Illinois  Park"  in  the 
centre  of  the  view.  A  far  steeper  grade  or  an  entirely  different  route 
would  therefore  have  had  to  be  chosen.  It  should  also  be  noted  that  one 
rides  over  these  curves  witliout  the  slightest  sense  of  insecurity  or 
danger,  nor  have  they  proved  to  be  especially  dangerous  in  operation. 
The  motion  around  them  is  as  smooth  as  around  any  of  the  easier 
curves. 

The  writer  has  no  definite  knowledge  as  to  whether  the  general  route 
which  gave  so  very  bad  a  profile  as  this  line  has  was  really  the  best  one, 
and  must  be  understood  to  speak  only  of  the  details  of  the  location. 

947.  Fig.  232  shows  comparatively,  on  the  same  sheet,  a  number  of 
the  great  inclines  of  the  world,*  and  Table  190,  with  its  long  foot-note, 
adds  details  of  many  others,  the  whole  not  making  a  complete  list  by  any 
means. 


•Only  the  lines  shown  in  comparatively  heavy  hnes  on  this  plate,  tiz.; 
The  Jalapa  line  from  Vera  Cruz,  the  Denver  &  Rio  Grande,  the  Pennsylvania, 
and  the  Baltimore  &  Ohio  are  of  the  writer's  compiling.  The  remainder  has 
been  reproduced  from  a  plate  prepared  by  Mr.  W.  W.  Evans,  M.  Am.  Soc.  C. 
E.,  to  show  the  Peruvian  lines,  and  he  in  turn  was  indebted  to  European  au- 
thorities for  the  admirable  presentation  of  European  railways.  Comparative 
distances  arc  of  course  to  be  estimated  by  the  horizontal  distance,  since  the  ex- 
aggerated vertical  scale  exaggerates  the  slant  length  greatly. 

A  small  profile  of  the  Mexican  Railway  is  shown  on  the  map  in  Appendix  C. 
It  could  not  conveniently  be  added  to  this  plate  for  comparison  with  the  Jalapa 
line.  Its  general  nature  will  be  indicated  by  projecting  a  4  per  cent  grade  (par- 
allel with  the  Peruvian  line)  from  Las  Vigas  summit  to  the  level  of  Jalapa,  and 
then  continuing  down  to  sea-level  with  mixed  i^  to 4  percent  grades,  with  some 
lost  elevation. 
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2.  The  power  and  working  force  necessary  to  operate  the  planes  muil 
always  be  on  hand  and  available,  at  nearly  the  same  cost  whether  work* 
ing  or  idle»  and  possibly  a  good  part  of  the  time  idle. 

This  WHS  a  very  serious  matter  in  early  days  when  traffic  was  light, 
but  it  grows  less  so  as  the  movement  of  traffic  becomes  so  great  as  to 
approximate  to  a  steady  stream  of  cars — a  condition  which  exists  on 
many  lines  now  operating  steep  grades  with  locomotive  power.  It  was  a 
leading  factor  in  causing  the  abandonment  of  planes  in  the  early  days  of 
railways ;  hardly  subordinate  to  the  following,  which  was  perhaps  alone 
decisive : 

3.  Formerly,  planes  operated  by  stationary  power  were  necessarily 
short,  straight,  and  on  a  uniform  gradient.  This  made  it  essential  topo- 
graphically, even  if  it  had  not  been  mechanically,  that  the  planes  should 
not  be  long,  but  that  a  number  of  them,  separated  by  intervening  stretches 
of  "  level,"  should  be  used,  greatly  increasing  the  awkwardness,  delay, 
and  expense  of  the  process. 

4.  A  certain  element  of  danger  from  runawa3rs  and  breakages  existed 
and  still  exists,  which  was,  however,  not  a  serious  nor  governing  consid- 
eration, even  when  the  only  cable  was  a  hemp  rope,  as  in  the  early  planes 
at  the  Alleghany  Portage  on  the  Pennsylvania  State  canal  and  railway 
svstem,  and  it  is  still  less  so  now. 

930.  On  the  other  hand,  besides  the  advantage  of  the  vast  increase  of 
traffic  which  would  enable  stationary  power  to  be  constantly  employed  at 
many  points,  the  perfection  to  which  the  cable  system  has  been  brought 
in  recent  years  has  greatly  changed  the  conditions  of  the  problem,  and 
favored  the  use  of  well-designed  inclined  planes  in  connection  with 
railways.  Passing  the  qnestion  of  how  they  should  be  designed  for  the 
moment,  the  arguments  favoring  the  use  of  inclined  planes  of  whatever 
type  are  these : 

1.  The  great  expense  is  saved  of  lifting  the  ponderous  motor  itself 
up  and  down  hill.  Assuming  every  engine  to  be  fully  loaded,  and  assum* 
ing  a  light  Consolidation  engine  with  tender  and  caboose  to  weigh  80 
tons,  we  may  deduce  from  Table  170  the  following  Table  189.  showing 
the  proportion  of  the  total  power  exerted  which  is  thrown  away  in  non- 
productive work  on  the  motor. 

2.  The  power  is  not  only  wasted  in  the  proportion  shown  in  Table 
189,  but  is  more  costly  per  horse-power  for  several  reasons: 

{a)  The  fuel  burned  per  horse-power  is  much  greater  than  in  a  good 
and  powerful  stationary  engine  (Table  168,  page  531). 

ifi)  As  one  stationary  engine  does  the  work  of  from  five  to  thirty 
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from  It  something  of  the  advantages  of  a  gravity  railway,  a  tjrpical 
pro61e  of  which  is  shown  in  Fig.  225. 

The  gravity  railway  does  of  set  purpose  and  to  secure  an  advantage 
what  the  ordinary  railway  only  does  of  necessity  as  an  unmitigated  dis- 
advantage; viz..  it  seeks  out  certain  high  elevations,  and  ascends  to  them 
as  quickly  and  by  as  steep  a  grade  as  possible. 

This  it  does  for  precisely  the  same  reason  that  coal  is  put  on  the 
tender,  viz.,  to  store  power  in  the  train  ;  only,  in  this  case,  the 
power  is  ready  for  instant  application  without  change  of  form.  It  is 
utilized  for  propulsion  instead  of  being  thrown  away  in  wearing  out 
wheek  and  brake-shoes,  by  laying  out  from  the  high  elevation,  to  which 
the  train  is  lifted  by  a  plane,  a  continuous  descending  gradient*  on  a  0.7 
to  i.o  per  cent  grade,  until  the  lowest  possible  point  is  reached.  The 
train  is  then  hauled  up  to  another  high  elevation,  and  the  same  process 
continued,  giving  a  profile  like  Fig.  225.  The  ascent  is  made  by  sta- 
tionary power  but  that  does  not  affect  the  principle,  which  is,  that,  ashigfa 
elevations  must  at  points  be  surmounted,  it  is  better  to  do  so  by  a  s>'s- 
tem  which  utilizes  the  work  thus  done  for  propulsion  instead  of  wasting 
it  destructively. 

940.  There  is  one  serious  drawback  to  this  system,  that  cars  can  pass 
over  the  line  in  otily  one  directi<:>n.  so  that  it  necessitates  an  entirely  in- 
dependent return  track,  however  light  the  traffic.  Ne\*ertheless,  it  has 
t>een  and  is  still  used  to  some  extent.  It  originated  (in  this  country)  at 
Mauch  Chunk,  before  the  locomotive  had  fairly  been  invented,  and  was 
afterward  embodied  in  two  prominent  lines  in  Pennsylvania,  and  in  a 
number  of  smaller  ones.  One  of  these  lines  has  recently  been  abandoned ; 
but  for  reasons  Kirgt^ly  independent  of  the  engineering  merit  of  the 
tem  ;  the  other  is  still  in  operation. 

These  two  lines  are: 

PemMjyfvamia  Coal  O. — 47  miles  doable  track:  4  ft.  3  in.  gauge:  364b. 
33  stationary-engine  houses  and  as  many  planes,  or  about  one  for  every  foar 
miles.  Average  speed  of  passenger  trains.  15  miles  per  hour;  freight  trains^  10 
miles  per  hour. 

Dtlaware  3*  Hmdsan  Canal  Cl».  — 32  miles  of  double  track:  4  ft.  3  in. 
45  to  56  lb.  rails:  30  stationary  engines  and  as  many  planes,  or  about  one 
two  miles. 


The  advantage  of  the  plan  is  that  it  puts  the  uniiulations  of  the 
£acewhich  cannot  be  avoidetl  into  the  harness,  as  i:  were,  by  making  them 
a  necessary  part  of  the  system  of  operation.  Moreover,  motion  in  ooly^ 
one  direction  has  to  t)e  considered,  so  that,  so  long  as  the  train  keeps  de- 
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sccnding,  we  are  in  a  measure  independent  of  the  rate  of  grade,  and  econ- 
omy of  construction  is  promoted. 

To  balance  the  disadvantage  of  having  to  construct  two  independent 
tracks  there  is  a  certain  economic  advantage  in  a  double  track  even 
when  traffic  is  light. 

941i  The  extra  cost  of  having  to  construct  two  independent  lines  has 
undoubtedly  been  in  years  past  a  leading  factor  in  impeding  a  more 
general  use  of  this  plan,  until  now  engineering  practice  seems  to  condemn 
it,  but  that  under  certain  exceptional  circumstances  it  might  still  be  ad- 
vantageously used,  hardly  admits  of  doubt.  The  merits  or  demerits  of 
the  gravity  system  in  its  entirety  depend  chiefly,  it  is  plain,  on  whether 
or  not  inclined  planes  operated  by  stationary  power  are  economical  as 
compared  with  the  locomotive.  But  whether  or  not  the  plan  as  a  whole 
be  advantageous,  it  is  plain  that,  if  we  have  lifted  a  train  by  any  kind  of 
power  to  a  high  elevation,  that  feature  of  the  gravity  plan  is  economical 
which  utilizes  the  work  thus  done  instead  of  throwing  it  away,  and  this 
may  often  be  done  with  pusher  grades,  provided  the  traffic  be  sufficient 
to  make  certain  short  sections  of  double  track  in  the  immediate  vicinity 
of  the  pusher  grades  a  desirable  feature;  which  is  very  apt  to  be  the  case, 
since  the  mere  existence  of  those  grades  practically  doubles  the  demand 
upon  the  track. 

942i  Thus,  supposing  a  summit  is  to  be  passed  over  from  one  valley 
to  another,  or  a  plateau  of  some  width  to  be  ascended  to  and  descended 
from.     Ordinarily   the    pro-  ^ 

file  over  such  a  section  would  •*'*'^.      r* 

be  something  like  the  solid 
line  in  Fig.  226,  there  being 
certain  natural  difficulties  in 
getting  favorable   grades    in //^  V^ 

J  •        ^ .         1  Fig.  2a6. 

more  tnan  one  direction  be- 
tween B  and  D,  so  that  the  whole  stretch  AE  is  practically  a  single 
pusher  run.  If,  in  such  case,  the  grade  AB  can  be  prolonged  to  some 
higtier  point  and  from  thence  carried  on  a  favorable  grade  for  trains  go- 
ing to  £10  2i  junction  at  some  point  D,  the  expense  of  running  pusher 
engines  both  ways  over  the  distance  BD  will  be  saved,  at  the  expense  of 
constructing  tiie  short  section  of  duplicate  track  BFCD, 

943.  Again,  let  ussupp)ose  a  common  case,  that  we  are  carryingaline 
throujjh  a  valley,  a  part  or  all  of  which  has  an  irregular  descent,  so  that 
an  extremely  favorable  line  may  be  had  for  trains  running  down  the 
vHiley  such  as  Fig.  227,  but  favorable  grades  for  ascending  it  can  only  be 
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Not  or.Iv  is  l'zht<?r  cor  struct 'on  txer  !r:>  cc  track  arzaost  oertaiiilT  attain- 
ab;^,  X  .*r.  :h.s  :■?  pi-j**:i>at  a!*,  but  ccoC':»c:i  •:  ocKraioa  »  Eodh  pvo- 
fi-ot/^  i>^.a-"ie.  :r.*:cad  of  ha. --^  M  r-s  si.oct  t-air*  roth  vaTS  bitntt«Ji 
<^  ar.'i  /r.  vicaui*  .:'  :..e  -ppi-s  r*:  graies  -r-r.  ocr  rL-ot:Te^pow«r  is  oniy 
lax*"^    i^pr-^ciibly   on   :i:e    pusher    grade   £-S,  throujcccat  the  roond 

S^r/ert'.^l^s*.  if  :here  be  r.:c  '.ri'^c  erovi^h  :o  rr^^uire  or  fcstifr  tvo 

r.r^r-:*  ir*  *  a'.terr.:,:  o:  :h!s  Swire  t-:^".  i  rr  :*i":lv  be  u=« 


^44,  B  t  af:er  al'.  a  r-ain  co  .::r-..o-s  cesce=:  rrcs:  a  susomit  to  the 
^'.1  r.  ^^ ".  .  -  » . '.  fri* T  T^rr.iir.  t h e  no ttl^  1 1 t pe  : : r  I-.*oi: :or .  such  derices as 
»p  ra>.  iwi:  ::'.&.:*:*.  ^^r.'i  ihe-s  h^i-g  :he  excerc:oc  la  all  bat  the 
rr.^*t  r.zM'-A  r^yirr.-^.  sa>  wh-:re'.er  tr.:<:  of  the  surfaof  :o  St  built  over  is 
r.of.    kri  r^r/iC.  t'O-d  ar.'i  c:  eap  li-es  can  usual  y  re  ot called  by  K)lSo«ii]^ 

Iir.t.  r>'.  r.'^:  if.T.T.pc  to  ^e^r-'e  t-M  '.rir  i  grade*!: re  bv  more  than 
;i  xr.f jf \",Z4i.\*;  Arr.o.r.:  of  d*:. f:!  prr.vrt.  rer:*n:rerr^  trat  en  rcsaer  planes 
•r.*^  ?r  \:r.  of  j^r;;-:';  ii  o'.rT.p£.ri::v-j:y  '^v.-.rr.-^i-r.xr',   p.^-  -a'*rc  Tabte  iSi). 

\*condly\  \yj  ot  a'To:.*.  i.  1  rr.t  of  curvature  t.x-*  easy  f.r  the  topo^ 
r>.  ;/h y  ';  r.  >* s  *  r. ':  i  rr.  ry^ rta  r  c-^  of  the  1 :  ne  ar.d  : ts  r rcca "r le  rxfxenue  wiU 
0" r,;!  '  ' V  "»'a - ri '. t  it,       .S-: *: .  h o x e -.e -.  :^r.  i 5 :  . 

945.  T  T  r;i;  A-5tv  j.-.  ^f^tr.  of  C'/./"a-3   :>  a  sr'er  ':**  ?Xa~fCe  OC  ' 

th;it  it  -A'i-,  .;i;  :  to  r.^ir-ox  ;.&  -::e  pr' hat 'y  cave  ccurac^  :-rai.'rc;ng  sach 
'AA'^r.rr.'zrX,  o-t  it  -uks  not  ^t  >'.  r.ece-s.-ry  for  :>  success.  J5  *e  ha^nc  rise- 
w  h'rr':  •':^ '.  Si  ff: '  ':  r.  t  ;:ro  .  r.  'i  -  !  o  believe  :  r  Ch  a:*!?.  V I . :  i-  i  XX 1 1 1)- 
In  fa^-.t.  it  o  or.ly  ;=  o  .♦  -•  '.r.  •  f  tirr.e  whe-  these  '^res  w  V.  S?  n:la:d  to 
Standard  jjaigf:  •Aitr.o:i*.  ^t   ;.'.-;■:': :.:;iJ  charge  .r.  tr.i.r  i..g"t:e-t. 
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There  is  probably  no  system  of  roads  in  the  world  which  is  so  well 
worthy  of  the  study  of  engineers,  because  ol  the  marvellous  cheapneaa 
with  which  it  has  been  carried  through  the  most  forbidding  r^ions,  and 
certainly  as  good  an  illustration  as  any  of  what  has  been  done  in  this 
way  is  the  "  High  Line  to  Leadville,"  on  the  Denver,  South  Park  &  Pacific 


ii    u  1     .1 

■     ■^sfSi-*      o"      ^S      ^'      '      SS°'''l!^  ' 

3»e  £l*r  3g»eiLogMi^a  l..g  £..t  uLJ  I  gg  s^tJ  »  8 


,B.] 


Railway,  now  a  part  of  the  Union  Pacific  system.  The  total  cost  of  this 
line  was,  as  nearly  as  nuiy  be,  $20,000  cash  per  mile,  and  this  was  like- 
wise very  close  to  the  cost  of  the  short  section  shown  in  the  large  map 
in  Fig.  219,  one  of  the  most  interesting  views  on  which  is  shown  in 
Fig.  118. 

Forthis  sum  the  line  was  carried  over  three  summits  over  11,000  ft. 
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There  is  probably  no  system  of  roads  in  the  world  which  is  30  well 
worthy  of  the  study  of  engineers,  t>ecause  of  the  marvellous  cheapnesB 
with  which  it  has  been  carried  through  the  most  forbidding  regions,  and 
certainly  as  good  an  illustration  as  any  of  what  has  been  done  in  this 
way  is  the  "  High  Line  to  Leadville,"on  the  Denver,  South  Parle  &  Pacific 


Th«  heavy  black  linr  iimifaics  ihf  KCIron  shown  lo  FIs. 
>.«,....;.■  „u....,..cl.mcrcnd<>f  whidiisshooain  Fie.  »8.] 

Railway,  now  a  part  of  the  Union  Pacific  system.  The  total  cost  of  this 
line  was.  iis  nearly  as  nuiy  be,  $30,000  cash  per  mile,  and  this  was  like- 
wise very  close  to  the  cost  of  ihe  short  section  shown  in  the  large  map 
in  Fig.  129,  one  o(  the  most  interesting  views  on  which  is  shown  in 
Fig.  228. 

For  this  sum  the  line  was  carried  over  three  summits  over  1 1,000  fL 


PART  IV. 
LARGER  ECONOMIC   PROBLEMS. 


CHAPTER   XXL 

TRUNK    LINES    AND    BRANCH    LINES. 

9i\.  TntT  the  most  elementary  conditions  on  which  the  suc- 
cess or  failure  of  railway  enterprises  depend  are  often  radically 
misunderstood,  almost  necessarily  follows  from  the  fact  that  tlie 
world  is  so  full  of  examples  of  misdirected  enterprise — of  lines 
built  with   great   hopes  of  profit  which   have  proved  miserable 
failures;  while,  on  the  otiier  hand,  there  arc  so  many  examples  of 
roads  built  for  local    purposes,  or  otherwise  wiiliout  particular 
expectation  of  a  brilliant  future,  wliich  liave  proved  magnificent 
properties.    Among  innumerable  examples  which  might  be  men- 
tioned we  may  take  the  West  Shore  Railroad  of  New  York  as 
an  example  of  the  first  class,  and  the  parallel  New  York  Central 
<rf  the  last:  the  present  New  York  Central  &  Hudson  River  Rail- 
up  by  the  consolidation  of  six  or  eight 
with  little orno  reference  to  Che  forma- 
.    These  two  lines  are.  in  iheir  diflferent 
if  the  fact  that  the  conditions  wliich  con- 
y  of  such  properties  are  often  wholly 

|r  reasons  probable  thai  by  far  the  larger 
inisundersCan<1ii)g — of  the  blundering 
on  the  one  hand,  and  into  dismal  and 
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Total 54 


Strike  out  all  curves  sharper  than  10°  (573  ft.  radius)  from  this  list, 
and  we  multiply  the  cpst  by  at  least  four  or  five  at  once ;  besides  which, 
this  particular  line  becomes  wholly  impossible,  since  the  turn  could  not 
have  been  made  around  "  Nigger  Hill "  nor  in  "  Illinois  Park"  in  the 
centre  of  the  view.  A  far  steeper  grade  or  an  entirely  different  route 
would  therefore  have  had  to  be  chosen.  It  should  also  be  noted  that  one 
rides  over  these  curves  wit li out  the  slightest  sense  of  insecurity  or 
danger,  nor  have  they  proved  to  be  especially  dangerous  in  operation. 
The  motion  around  them  is  as  smooth  as  around  any  of  the  easier 
curves. 

The  writer  has  no  definite  knowledge  as  to  whether  the  general  route 
which  gave  so  very  bad  a  profile  as  this  line  has  was  really  the  best  one, 
and  must  be  understood  to  speak  only  of  the  details  of  the  location. 

947^  Fig.  232  shows  comparatively,  on  the  same  sheet,  a  number  of 
the  great  inclines  of  the  world,*  and  Table  190,  with  its  long  foot-note, 
adds  details  of  many  others,  the  whole  not  making  a  complete  list  by  any 
means. 


*  Only  the  lines  shown  in  comparatively  heavy  Imes  on  this  plate,  viz.: 
The  Jalapa  line  from  Vera  Cruz,  the  Denver  &  Rio  Grande,  the  Pennsylvania, 
and  the  Baltimore  &  Ohio  are  of  the  writer's  compiling.  The  remainder  has 
been  reproduced  from  a  plate  prepared  by  Mr.  W.  W.  Evans,  M.  Am.  Soc.  C. 
E.,  to  show  the  Peruvian  lines,  and  he  in  turn  was  indebted  to  European  au- 
thorities for  the  admirable  presentation  of  European  railways.  Comparative 
distances  are  of  course  to  be  estimated  by  the  horizontal  distance,  since  the  ex- 
aggerated vertical  scale  exaggerates  the  slant  length  greatly. 

A  small  profile  of  the  Mexican  Railway  is  shown  on  the  map  in  Appendix  C. 
It  could  not  conveniently  be  added  to  this  plate  for  comparison  with  the  Jalapa 
line.  Its  general  nature  will  be  indicated  by  projecting  a  4  per  cent  grade  (par- 
allel with  the  Peruvian  line)  from  Las  Vigas  summit  to  the  level  of  Jalapa.  aad 
then  continuing  down  to  sea-level  with  mixed  i^  to 4  percent  grades,  with  some 
lost  elevation. 


CHAP.  XX.^DUPLICATE  TRA,CKS  FOR  x-USHER  GRADES.  699 


Table  190. 

Various  Great  Inclines  of  the  World. 

[The  body  of  this  table  is  (with  correction  of  a  number  of  errors)  a  list  given  in  Tki 
Engineer  of  July  17,  1885,  as  a  complete  one.  The  notes  beneath  pve  various  other  and 
much  greater  inclines  omitted  from  the  list.] 


Name  of  Incline. 


Giovi 

Semmering 

Bhore  Ghaut 

Allegheny 

Tabor  (Chili) 

Kadugannawa  (Ceylon) 
Ambagamuwa         " 


Lenffth 

Incline. 
Miles. 


6 

15* 

15 
12 

II* 
19 


Toul 
Rise. 
Feet. 


884 

1,325 
1. 831 

1,690 

1.360 

1.388 

2,227 


Grads. 

Av. 

Max. 

p.  c. 

p.  c. 

2.78 

3  45 

2.13 

2.50 

2.08 

2.70 

2.13 

•  •  • . 

2.15 

2.25 

2.22 

2.22 

2.22 

2.27 

Maxi- 
mum 
Curve. 


4'  20' 

8'' 40' 

5'45' 
9-30' 

9^  30' 

8*40' 

19**    o' 


Length  of 

Tunnels. 

Miles. 


2.25 
2.66 
2.26 


.88 
.30 


[In  addition  to  this  list  there  is  to  be  an  extension  of  the  same  Ceylon  railway  which 
"  will  also  involve  a  further  incline  of  13  miles  rising  1359  ft.,  on  which  an  average  gra- 
dient of  3.15  per  cent,  with  a  maximum  of  2.327  per  cent,  will  be  compulsory,  as  will  also 
the  adoption  of  curves  as  sharp  as  19**.*'] 

To  the  above  very  inadequate  list  may  be  added  the  following,  the  whole  not  making  a 
complete  list  by  any  means  : 

Mexican  Railway. — Rises  6412  ft.  in  53.9  miles,  4  per  cent  maximum  grade  (2^,  aver- 
age), with  325  ft.  curves  radius  (17**  40')  and  16  tunnels.  In  this  distance  it  also  rises 
3373  ft.  in  13.58  miles,  3.57  per  cent  average  grade  and  4  or  5  tunnels. 

The  air-line  distance  between  the  extreme  points  of  this  latter  section  is  less  than  four 
miles,  but  it  includes  the  bota,  or  boot,  so  called  from  its  shape,  nearly  eight  miles  long, 
and  rising  to  a  ]x>int  on  the  slop>e  of  the  mountain  which  to  the  eye  seems  almost  vertically 
over  the  point  at  which  the  "  boot"  began  1650  ft.  below,  and  which  is  certainly  not  over 
one  mile  distant  from  it  horizontally,  giving  an  outlook  which  is  even  more  startling  to  the 
engineer  than  to  the  average  traveller. 

Oroya  Railroad,  Peru. — Rises  2352  ft.  in  26  miles  on  2^  per  cent  (i  in  40)  maximum 
grade,  to  reach  the  foot  0/  the  main  grade ;  then, — 

Rises  12,845  ft-  in  71  miles,  on  4  per  cent  grade,  with  hH®  curves  (396  ft.  radius),  to  an 
elevation  of  15.645  ft.,  with  42  tunnels. 

On  this  line  there  are  several  switchbacks  (Figs.  217  to  221),  but  the  first  thirteen  miles 
rises  2105  ft.  without  any  switchback. 

There  are  one  or  two  other  lines  in  Peru  of  the  same  general  character,  but  rising  to 
less  elevations. 

Among  the  European  inclines  not  included  above  are  : 

St.  Got  hard. — Rising  2750  ft.  in  20^  miles  ;  142.5  ft.  per  mile  maximum  grade  (3. 7  per 
cent)  ;  130  ft.  average  grades.  Also  rising  2090  ft.  in  15^  miles,  with  28  per  cent  of  the 
distance  tunnels,  including  (on  both  these  inclines)  seven  spiral  tunnels  turned  into  the 
mountain  to  pain  distance  (Figs.  202  to  206). 

Brenner. — Rising  2584  ft.  in  22^  miles,  132  ft.  per  mile  (2.5  per  cent)  maximum  grade; 
114.6  ft.  average. 
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Vera  Cruz  to  City  0/  Mexico^  viajalapa, — The  line  more  fuUj  described  in  Appen- 
dix C.  Rising^  7323  ft.  (2232  metres)  in  one  unbroken  2  per  cent  (average)  gradient  for 
72.64  miles  (X16.9  kilometres)  or  from  an  elevation  of  600  ft.  to  an  elevation  of  7923  ft 
above  the  sea. 

946.  The  great  effect  of  fluctuations  of  velocity  to  modify  the  nom- 
inal rates  of  short  gradients  may  be  illustrated  by  the  following  tests 
made  by  Mr.  C.  H.  Hudson,  a  prominent  and  able  ri^ilway  manager.  The 
tests  are  thus  described  :* 

'*  Recently,  for  the  purpose  of  testing  a  new  engine  of  the  Consolidation 
pattern,  just  received  bv  the  East  Tennessee,  Virginia  &  Georgia  Railroad,  we 
weighed  a  train  of  30  loads,  caboose  and  private  coach,  and  took  it  with  the 
engine  to  a  heavy  grade  about  a  mile  long,  averaging  67.  i  ft.  per  mile.  The 
grade  was  not  even,  but  undulating  ;  some  being  more  and  some  less  than  the 
average.  In  one  place,  100  ft.  were  at  the  rate  of  98  ft.;  another,  spots  of 
300  ft.  at  the  rate  of  91.  and,  of  course,  to  match  it  other  spots  were  less  than 
the  average.  Before  reaching  the  grade,  there  were  about  1600  ft.  of  level; 
mostly  on  a  3*"  curve  to  right,  which  curve  continued  800  ft.  up  the  grade.  Then 
followed  [curves  and  tangents  for  4800  ft.  in  all]  when  the  summit  was  reached. 
The  day  was  warm  and  dry,  and  circumstances  favorable.  The  weight  of  train 
was  as  follows : 

"Engine,  109,000  lbs.;  tender,  SSfOOO  lbs.;  33  cars.  1,453,160  lbs.;  total. 
1.617,160  lbs.  Cylinders,  20  by  24  in.;  diameter  of  drivers,  59  in.;  weight  oc 
drivers.  97,000  lbs. 

**  First  Test. — The  engine  stood  at  start*  at  water  tank  about  1500  ft.  from 
foot  of  grade,  and  when  grade  was  reached  was  making  about  18  miles  per  hour. 
At  a  point  3700  ft.  from  the  grade  the  engine  came  to  a  stand,  unable  to  take 
train  through.  It  was  then  backed  down  and  two  cars  set  off,  weighif\g  123,500 
lbs.,  leaving  weights  as  follows  : 

**  Engine,  109,000  lbs.;  tender,  55,000  lbs.;  train,  1.329,660  lbs.;  total, 
1,493.660  lbs. 

Second  Test. — This  time  the  engine  started  from  the  same  place  as  before, 
struck  the  grade  making  22.3  miles  per  hour,  and  in  seven  minutes  turned  the 
summit,  making  4.5  miles  per  hour.  The  engine  averaged  145  lbs.  steam,  was 
worked  most  of  the  way  in  the  second  notch  from  bottom,  or  at  about  an 
1 8-inch  cut-off,  the  last  1200  feet  being  in  lowest  notch,  or  what  was  called 
full  stroke  (22-inch  cut-off).  Very  little  sand  was  used  ;  engine  did  not  slip 
any. 

"  While  this  grade  was  undulating,  it  seemed  fair  to  take  the  average, — which 
has  been  stated  67.1  per  mile,  or  1.27  per  cent, — giving  a  resistance  due  gravity 
per  ton  of  .0127  X  2000  =  25.4  lbs. 

The  locomotive- power  indicated  by  these  records  is  then  computed  in 
the  following  manner — correct  numerically,  but  wholly  incorrect  in  its 
apparent  indications : 

LIm.  per  too. 

"Train  resistance 5.0 

Curve  resistance  on  6*  curve 6.0 

Grade  resistance  (1.27  per  cent) 25.4 

Total  resistance  to  be  overcome 36.4  Ibt. 

^  Jour.  Assoc.  Eng.  Societies,  18A6 
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"  Weight  of  enp:ine  and  train  being  747  tons  ;  747  X  36.4 =  27,191  lb«. 

But  about  100  ft.  of  the  train  will  be  on  a  lo**  rurve,  where  the 
resistance  p*?r  degree  is  .05.  or,  for  the  10",  .50  percent ;  theesti 
mated  resistance  on  a  6**  curve  was  .30  per  cent :  here  is  an  ex- 
cess of  .20  per  cent,  or  per  ton.  4  lbs.     Now,  three  x:ars  are  all  of 
the  train  on  this  curve,  and  we  have  69  tons,  which  gives  69  X  4  =        276  lbs. 

Making  a  total  resistance  to  overcome  of 37,467  lbs. 

♦•  You  will  note  that  here  we  develop  a  tractive  force  of  28.2  per  cent  of  the 
weight  on  drivers  ;  not  so  great  as  in  other  cases,  but  much  over  ordinary  prac- 
tice. 

20  X  20  X  34 

"The  theoretical   power  of  the  engine  would  be  as  follows: 

50 
X  cylinder  pressure  =  192  X  130  (assumed)  =  24,960  lbs. 

"  The  estimated  resistance  per  ton  is,  including  the  correction  for  the  lo* 
curve.  36.8  lbs. 

"  Divide  the  theoretical  power,  24.960,  by  this  resistance  36.8,  and  we  have  : 

24,960  -I-  36.8  =  678  ions  =  1.356.000  lbs. 
Being  the  theoretical  amount  the  engine  would   move  up  this  grade,  or  about 
137.000  lbs.  less  than  the  actual  amount  moved.      'I  he  actual  work  exceeds  the 
theoretical  by  about  the  weight  of  the  en\^ine  and  tender." 

949,  The  true  explanation  of  this  apparent  anomaly  is  that  the  en- 
gine in  reality  did  no  such  thing  as  to  develop  a  tractive  force  of  27.467 
lbs.,  nor  is  tliere  any  real  discrepancy  between  the  actual  and  theoreti- 
cal work  done.     The  true  way  of  computing  the  tests  is  as  follows: 

Per  cent. 

Nominal  average  rate  of  grade  (that  of  the  profile) 1.27 

Correct  for  curvature  at  0.03  to  0.05  vertical  feet  for  each  degree  of  cen- 
tral angle,  which  is  in  effect  an  addition  to  the  grade  of 0.12 

And  we  have  as  the  equivalent  nominal  grade,  including  effect  of  uncom- 
pensated curvature 1. 39 

Where  the  curvature  is  makes  no  great  difference,  unless  it  stalls  the 
train,  and  we  need  not  now  go  into  that  detail. 
Then  to  compute  the  first  test  we  have  :  ♦ 

Train  struck  foot  of  grade  at  velocity  of  18.0  miles  per  hour,  and  stalled 

in  3700  ft.  Vel. -head  for  18.0  miles  (Table   118),  11.50  ft.;  ill?  =   0.311   vert. 

37.00 

ft.  per  station  as  the  work  done  by  momentum.     1.39  —  0.31 1  =  1.08  per  cent 

as  the  virtual  grade,  or  the  one  up  which  the  unassisted  traction  of  the  engifU 

hauled  the  train. 

Miles  prr  hour.     Vel. -head. 

Second  Test, — Speed  at  foot  of  grade  (4800  ft   long) 22.3  17.67  ft. 

top  *•         4-5  -73^1. 


4«  *< 


16.94 

-  1  ■ 

*  For  strict  correctness  the  distance  travelled  up  the  grade  by  the  centre  of 
gravity  of  the  tr.iin.  and  not  the  engine,  should  be  used  in  this  test,  but  as 
the  initial  velocity  was  taken  from  the  engine  it  is  impossible  to  do  so. 
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-    ^-      .'       =  0.353  vert.  ft.  per  station  as  the  assistance  derived  from  mo- 
48.00  stations  •  '^ 

rocntum,  and  i.39~  0-353  =  i-04  P^r  cent  as  the  virtual  grade  in  the  second 

test. 

All  this  is  shown  graphically  in  Fig.  233.     At  the  foot  of  the  grade 
the  vertical  head  corresponding  to  the  given  velocities  is  erected,  and 


.-^' 


•700 


1800' 


also  at  the  head  of  the  grade,  although  it  is  so  small  as  to  be  hardly  visible. 
The  dotted  lines  show  the  virtual  grades.  The  two  tests  coincide*  it  will 
be  seen,  almost  exactly  in  the  virtual  grade  which  they  indicate,  espe- 
cially if  we  remember  that  the  engine  used  a  little  more  steam  on  the 
upper  part  of  the  second  run. 

This  virtual  grade  includes  the  effect  ot  curvature,  and  lor  the  power 
developed  by  the  engine  we  have: 

Lbs.  per  too. 

Train  resistance '. 5.0 

Grade  worked  by  engine  power  (say  1.06  per  cent) 21.2 

Total  per  ton 26. 2 

26.2  lbs.  per  ton  X  747  tons =  19.571  lbs. 

Against  Mr.  Hudson's  computation  of  actual  work  of 27.467    ** 

And  of  theoretical  woik  with  130  lbs.  pressure  of 24.960    ** 

The  actual  work  done  requires  an  average  effective  piston  pressure  of 

"•^^    =  a  fraction  over  100  lbs.  per  square  inch,  which  is  coming  down 
192 

within  the  bounds  of  reason  (and  barely  that)  for  a  Consolidation  engine 
carrying  140  lbs.  of  boiler  pressure  and  running  over  15  miles  per  hour. 
950t  We  may  see  how  these  variations  of  velocity  may  tend  to  in- 
crease grades,  and  how  nearly  our  process  of  computing  them  will  check, 
by  considering  what  took  place  between  the  starting-point  and  foot  of 


704  CHAP.  XX.— DUPLICATE  TRACKS  FOR  PUSHER  GRADES, 

the  grade,  i  $00  ft.  off,  over  a  nominally  level  grade.    The  virtual  grade 
may  be  thus  determined  : 

In  fint  teat.  In  lecood  tcsL 

Speed  acquired  in  1500  ft 18.00  22.30 

Corresponding  veL-head,  ft. 11.50  17-67 

Then  we  have,  as  the  virtual  ftxzAit%  per  station..     — '—z=.  0.77  =  x.iS 

15.00  15.00 

In  other  words,  in  the  first  test  the  engine  started  off  lazily  and  did 
not  do  as  much  work  as  after  it  struck  the  grade.  In  the  second  test  the 
engine  succeeded  in  doing  somewhat  more  work  than  it  did  after  it  struck 
the  grade,  as  is  but  natural  from  the  fact  that  its  average  velocity  was 
less  and  (probably)  it  used  more  sand  and  had  a  somewhat  higher  boiler 
pressure.  But  the  correspondence  is  close  without  these  allowances ; 
quite  sufficient  to  indicate,  what  is  beyond  question,  that  the  method  is 
essentially  trustworthy. 

Now,  had  this  grade,  instead  of  being  only  4800  ft.  long,  been  48,000 
ft.  long,  it  will  be  evident  that  the  same  initial  velocity  would  have  done 
very  little  to  help  out  the  engine.  To  derive  equal  aid  from  momentum 
we  should  have  needed  to  have  a  vertical  head  ten  times  as  great  in  that 
case,  or  176  ft.,  which  would  have  carried  the  necessary  initial  speed  up 
to  the  impracticable  limit  of  nearly  71  miles  per  hour.  Consequently^ 
while  short  grades  and  short  sags  may  be  operated  almost  as  levels  with 
speeds  of  30  to  50  miles  per  hour,  long  grades  or  bad  sags  can  be  but 
little  helped  out  by  momentum.  In  the  one  case  the  profile  tells  the 
Uuth.  and  in  the  other  it  does  not. 


PART  IV. 


LARGER  ECONOMIC  PROBLEMS. 


'*  The  rich  man's  wealth  is  his  strong  dty :  the  destruction  of  the  poor 
b  their  poverty.*' — Proverbs  z.  15. 

**  For  whosoever  hath,  to  him  shall  be  given,  and  he  shall  have  mart 
abundance :  but  whosoever  hath  not,  from  him  shall  be  taken  away  even 
that  he  hath.'* — Matthew  ziii.  12. 

**  For  which  of  you,  intending  to  build  a  tower,  sitteth  not  down  fbtt, 
and  counteth  the  cost,  whether  he  have  sufficient  to  finish  it  f  Lest  haply, 
after  he  hath  laid  the  foundation,  and  is  not  able  to  finish  it,  all  thaU  be- 
hold it  begin  to  mock  him,  saying,  This  man  began  to  build,  and  waa 
not  able  to  finish."— Luke  ziv.  2&-yx 

45 
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high,  two  of  which  are  shown  in  Fig.  230,  and  for  a  large  part  of  the  re- 
mainder of  the  disiance  was  carried  through  the  narrow  and  tortuona 
channel  of  the  Platte  Can- 
on, where  long  stretches 
of  the  work  are  in  solid 
rock,  and  where  fills  were 
impossible,  it  being  neces- 
^ry  10  support  the  line 
on  retaining-walls  when 
not  in  the  solid.  These 
retaining-ualls  are  among 
the  most  interesting  en- 
gineering features  of  Col- 
orado. They  are  dry 
and  very  cheap,  but  very 
solid,  and  give  no  trouble. 
They  were  generally  the 
first  work  started,  and 
were  carried  along  as  far 
as  possible  before  the 
ruck  excavation  was  be- 


gun. 

946.  The  probabilities 
are  that  in  the  hands  of 
engineers  not  driven  to 
economy  by  necessity,  and 
constructing  by  what  have 
been  regarded  as  ortho- 
dox standards,  these  works 
would  have  cost  four  or 
five  times  what  they  actu- 
ally have,  while  many  of 
lliem  would  have  been 
wholly  impossible  at  any 
cost.  In  Fig.  zzgwe  have 
clearly  before  us  the  chief 
cause  of  their  economy—  ''"'  >3'-M«  of  tbY^Hich^Liiii"  fkoh  Dmvh  to 

the  comparatively  free  use  (The  Kciion  of  line  >ho«n  by  profile  m  Fig.  ijo  ii  indicited 

of  very  sharp  curves.    On  ''^  ""'  >«"!"'  H"*  *'oa^A 

the  w.-i  miles  shown  in  Fig.  329  there  are  in  all  127  curves,  or  11. 3  curves 

per  mite,  divided  as  to  degrees  as  follows : 
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4" 
8', 


o 
6 

3 
6 

4 

7 
I 

13 


Total 40 


10" 

i2r 

13' 

I4^ 

I5^ 
I6^ 


Total 33 


I 

17^ 

14 

iS' 

2 

< 

4 

26" 

I 

21** 

3 

22* 

4 

23' 

4 

24" 

— 

25K 

.  I 
.  o 

.    X 

.25 

.  I 
.  I 
.  o 

24 


Total 54 


Strike  out  all  curves  sharper  than  10"  ($73  ft.  radius)  from  this  list, 
and  we  multiply  the  cpst  by  at  least  four  or  five  at  once ;  besides  which, 
this  particular  line  becomes  wholly  impossible,  since  the  turn  could  not 
have  been  made  around  "  Nigger  Hill  "  nor  in  •'  Illinois  Park"  in  the 
centre  of  the  view.  A  far  steeper  grade  or  an  entirely  different  route 
would  therefore  have  had  to  be  chosen.  It  should  also  be  noted  that  one 
rides  over  these  curves  witliout  the  slightest  sense  of  insecurity  or 
danger,  nor  have  they  proved  to  be  especially  dangerous  in  operation. 
The  motion  around  them  is  as  smooth  as  around  any  of  the  easier 
curves. 

The  writer  has  no  definite  knowledge  as  to  whether  the  general  route 
which  gave  so  veiy  bad  a  profile  as  this  line  has  was  really  the  best  one, 
and  must  be  understood  to  speak  only  of  the  details  of  the  location. 

947.  Fig.  232  shows  comparatively,  on  the  same  sheet,  a  number  of 
the  great  inclines  of  the  world,*  and  Table  190,  with  its  long  foot-note, 
adds  details  of  many  others,  the  whole  not  making  a  complete  list  by  any 
means. 


*  Only  the  lines  shown  in  comparatively  heavy  lines  on  this  plate,  vix.: 
The  Jalapa  line  from  Vera  Cruz,  the  Denver  &  Rio  Grande,  the  Pennsylvania, 
and  the  Baltimore  &  Ohio  are  of  the  writer's  compiling.  The  remainder  has 
been  reproduced  from  a  plate  prepared  by  Mr.  W.  W.  Evans,  M.  Am.  Soc.  C. 
E.,  to  show  the  Peruvian  lines,  and  he  in  turn  was  indebted  to  European  au- 
thorities for  the  admirable  presentation  of  European  railways.  Comparative 
distances  are  of  course  to  be  estimated  by  the  horizontal  distance,  since  the  ex- 
aggerated vertical  scale  exaggerates  the  slant  length  greatly. 

A  small  profile  of  the  Mexican  Railway  is  shown  on  the  map  in  Appendix  C. 
It  could  not  conveniently  be  added  to  this  plate  for  comparison  with  the  Jalapa 
line.  Its  general  nature  will  be  indicated  by  projecting  a  4  per  cent  grade  (par- 
allel with  the  Peruvian  line)  from  Las  Vigas  summit  to  the  level  of  Jalapa.  and 
then  continuing  down  to  sea-level  with  mixed  i^  to 4  percent  grades,  with  some 
lost  elevation. 
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Table  190. 

Various  Great  Inclines  of  the  World. 

[The  body  of  this  table  is  (with  correction  of  a  number  of  errors)  a  list  g^iven  in  Tkt 
Engineer  of  July  17,  1885,  as  a  complete  one.  The  notes  beneath  give  various  other  and 
much  greater  inclines  omitted  from  the  list.] 


Namb  of  Inclinb. 


Giovi 

Semmering 

Bhore  Ghaut 

Allegheny 

Tabor  (Chili) 

Kadugannawa  (Ceylon) 
Ambagamuwa        "* 


Length 

Incline. 
Miles. 


6 

I3i 

15* 

15 
12 

I  If 
19 


Toul 
Rise. 
Feel. 


834 

1.325 
1. 831 

1,690 

1.360 

1.388 

2,227 


Grads. 

Av. 

Max. 

p.  c. 

p.  c. 

2.78 

3  45 

2.13 

2.50 

2.0S 

2.70 

2.13 

•  •  ■  • 

2.15 

2.25 

2.22 

2.22 

2.22 

2.27 

Maxi- 
mum 
Curve. 


4    20 


8*^40' 

5' 45' 
9-30' 
9^  30' 
8^40' 
19**    o' 


Length  of 

Tunnels. 

Miles. 


2.25 
2.66 
2.26 


.88 
.30 


[In  addition  to  this  list  there  is  to  be  an  extension  of  the  same  Ceylon  railway  which 
"  will  also  involve  a  further  incline  of  12  miles  rising  1359  ft.,  on  which  an  average  gra- 
dient of  2.15  per  cent,  with  a  maximum  of  2.227  P^i'  ^^^^i  ^^^^  ^  compulsory,  as  will  also 
the  adoption  of  curves  as  sharp  as  19**."] 

To  the  above  very  inadequate  list  may  be  added  the  following,  the  whole  not  making  a 
complete  list  by  any  means  : 

Mexican  Railway. — Rises  6412  ft.  in  53.9  miles,  4  per  cent  maximum  grade  (2J4,  aver- 
age), with  325  ft.  curves  radius  (17''  40')  and  16  tunnels.  In  this  distance  it  also  rises 
2372  ft.  in  12.58  miles,  3.57  per  cent  average  grade  and  4  or  5  tunnels. 

The  air-line  distance  between  the  extreme  points  of  this  latter  section  is  less  than  four 
miles,  but  it  includes  the  beta,  or  boot,  so  called  from  its  shape,  nearly  eight  miles  long, 
and  rising  to  a  point  on  the  slope  of  the  mountain  which  to  the  eye  seems  almost  vertically 
over  the  point  at  which  the  "  boot"  began  1650  ft.  below,  and  which  is  certainly  not  over 
one  mile  distant  from  it  horizontally,  giving  an  outlook  which  is  even  more  startling  to  the 
engineer  than  to  the  average  traveller. 

Oroya  Railroad,  Peru. — Rises  2352  ft.  in  26  miles  on  2^  per  cent  (i  in  40)  maximum 
grade,  to  reach  the  foot  0/  the  main  grade  ;  then, — 

Rises  12,845  f^-  in  7'  miles,  on  4  per  cent  grade,  with  14^"  curves  (396  ft.  radius),  to  an 
elevation  of  15,645  ft.,  with  42  tunnels. 

On  this  line  there  are  several  switchbacks  (Figs.  217  to  221),  but  the  first  thirteen  miles 
rises  2105  ft.  without  any  switchback. 

There  are  one  or  two  other  lines  in  Peru  of  the  same  general  character,  but  ri5ing  to 
less  elevations. 

Among  the  European  inclines  not  included  above  are  : 

St.  Gothard. — Rising  2750  ft.  in  2oH  miles ;  142.5  ft.  per  mile  maximum  grade  (2.7 per 
cent)  ;  130  ft.  average  grades.  Also  rising  2090  ft.  in  15^  miles,  with  28  per  cent  of  the 
distance  tunnels,  including  (on  both  these  inclines)  seven  spiral  tunnels  turned  into  the 
mountain  to  jjain  distance  (Figs.  202  to  206). 

Brenner. — Rising  2584  ft.  in  22J4  miles,  132  ft.  per  mile  (2.5  per  cent)  maximum  grade ; 
1 14.6  ft.  average. 
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below  what  would  exist  with  twice  the  haul.  Taking  both  these 
considerations  together,  it  is  quite  certain  that,  whether  we  con- 
sider great  distances  or  small,  nearness  of  traffic  points  is  cer- 
tainly no  disadvantage  to  the  financial  productiveness  per  unit 
of  the  traffic  between  them.  For  example,  if  the  haul  on  wheat 
to  the  seaboard  were  only  half  as  great,  it  cannot  be  questioned 
that  it  would  be  a  more  profitable  traffic,  and  it  would  possibly 
pay  quite  as  large  gross  rates.  The  New  York-Newark  traffic, 
9  miles,  is  far  more  profitable  and  far  larger  in  the  aggregate, 
in  proportion  to  the  size  of  the  two  places,  than  the  New  York- 
Philadelphia  traffic,  90  miles.  If  Philadelphia  were  as  near  to 
New  York  as  Newark,  both  the  volume  and  the  productive  value 
of  their  interchanged  traffic  would  be  enormously  greater  than  it 
is  now 

957.  There  are,  of  course,  certain  possible  exceptions  to  this 
general  rule.  The  tonnage  between  the  anthracite-coal  mines 
and  New  York,  for  example,  might  not  be  much  larger  than  it  is 
if  the  haul  were  only  50  miles  instead  of  150,  for  about  so  much 
must  be  had  at  any  cost,  and  more  than  that  is  not  needed.  And 
yet  it  probably  would  be  larger,  both  because  the  more  favorable 
conditions  for  coal  supply  would  have  greatly  stimulated  manu- 
factures, and  so  the  growth  of  population  as  well,  and  because 
the  rates  per  mile  hauled  would  be  higher. 

958.  We  see,  therefore,  the  reasons  why,  assuming  the  points 

A,  B,  Cy  Fig.  234,  to  be  of 

^rrrrrrir^rn::^^  inherently  equal  traffic- 
producing  capacity,  the 
short-haul  traffics,  j4C 
and  CB,  should  each  one 
of  them  be  of  more  rath- 
er than  less  value  than 
^  the  long-haul  traffic,  AB; 
from  which  it  follows 
that  the  aggregate  of  the 
three  traffics  AB,  AC,  CB,  Fig.  234,  will  be  worth  more  rather 
than  less  than  three  times  as  much  as  the  traffic  AB  alone. 


Fig.  234. 


Fic.  935. 
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This  being  determined,  let  us  now  extend  the  inquiry  by  de- 
termining, in    the  same 
manner    as    above,    the 
probable       comparative 
traffic  on    five  different 


lines     of   any     common 

length.    Figs.      233-237,  Yx<i,%yi, 

having  two,   three,  four, 

five,  and  six  traffic  points  on  them,  each  point  being  assumed, 

for   the   sake  of   simplicity,   to   be   of  equal    traffic-producing 

capacity. 

We  then  have, 


In  Fig.  233, 
234, 


2  traffic  points. 


Tkapfic  Uniti. 

A  B  only. 
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Comparing  Fig.  233  with  Fig.  237,  by  multiplying  our  traffic 
points  by  THREE  we  have  multiplied  the  traffic  by  fifteen,  or 
have  increased  the  productiveness  of  each  separate  traffic  point 
five  times. 

959.  This  process,  with  certain  corollaries  which  follow  there- 
from, is  extended  somewhat  further  in  Table  191  and  illustrated 
graphically  in  Fig.  238. 

It  will  be  seen  from  Fig.  238  that  when  on  any  given  line  with 
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'*  Wetglit  of  cniniic  and  tram  betn^  747  to«is  ;  747  X  36  4 =  »7rl5i  Hml 

But  about  100  ft.  of  the  traio  will  be  00  a  lo**  ntrre,  where  tbe 
reststaoce  prt  degree  is  .05.  or.  for  the  10",  .50  percent ;  theesti 
mated  resistance  00  a  6"  cnnre  was  ,30  per  cent :  here  is  an  ex- 
cess of  .ao  per  cent,  or  per  too.  4  lbs.     Now,  three  cars  are  an  of 
the  train  00  this  curve,  and  we  lave  69  Coos,  whtchgives  69  X  4  =        276  Ib&. 

Making  a  total  resistance  to  overcome  of 27>4<^  Ibsw 

"  Yoa  will  iK>te  that  here  we  develop  a  tractive  force  of  2S.2  per  cent  oif  tike 

weight  oa  drivers ;  not  so  great  as  in  other  cases,  bat  much  over  ordinary  prac^ 

tke. 

**The  theoretical  power  of  the  engine  would  be  as  follows:  -^ 

X  cylinder  pressure  =  192  X  130  (assumed)  =  24,960  lbs. 

**  Tbe  estimated  resistance  per  ton  is,  including  the  correction  for  the  xo* 
curve,  36.9  lbs. 

^''  Divide  Che  theoretical  power,  24,960,  by  this  resistance  36. 9,  and  we  have  : 

24,960  -•-  36.9  =  678  tons  =  1.356,000  lbs. 
Being  tbe  theoretical  amount  the  engine  would  move  up  this  grade,  or  about 
137,000  lbs.  less  than  the  actual  amount  moved.      1 M^  actmal  work  exceeds  tJu 
tkeoretical  by  about  the  weight  ef  the  en:;  ime  and  tender.  *" 

949.  The  true  explanation  of  this  apparent  anomaly  is  that  the  en- 
gine in  reality  did  no  such  thing  as  to  develop  a  tractive  force  of  27467 
lbs.,  nor  is  tliere  any  real  discrepancy  between  the  actual  and  theoreci* 
cal  work  done.     The  true  way  of  computing  tbe  tests  is  as  follows: 


Nominal  average  rate  of  fn^ade  (that  of  the  profile) 1. 27 

Correct  for  curvature  at  0.03  to  0.05  vertical  feet  for  each  deg^nee  of  cen- 
tral angle,  which  is  in  effect  an  addition  to  the  grade  of o.  12 

And  we  have  as  the  equivalent  nominal  grade,  including  effect  of  uncom- 
pensated curvature 1-39 

Where  the  curvature  is  makes  no  great  difference,  unless  it  stalls  the 
train,  and  we  need  not  now  go  into  that  detail. 

Then  to  compute  the  first  test  we  have :  ♦ 

Train  struck  foot  of  grade  at  velocity  of  i9.o  miles  per  hour,  and  stalled 

in  3700  ft.  Vel.-head  for  i9.o  miles  (Table   iiS),  11.50  ft.;  ill?  =   0.311  vert. 

37.00 

ft.  per  station  as  tbe  work  done  by  momentum.     1.39  —  0.31 1  =  i.o9  per  cent 

as  the  virtual  grade,  or  the  one  up  which  the  unassisted  traction  of  the  engisu 

hauled  the  train. 

Miles  prr  hour.      Vel.-hcKL 

Second  Test. — Speed  at  foot  of  grade  (4900  ft   long) 22.3  17.67  ft. 

top  **         4.5  .73ft. 


»•      44 


16.94 

♦  For  strict  correctness  the  distance  travelled  np  the  grade  by  the  centre  of 
gravity  of  the  tmin.  and  not  the  engine,  should  be  used  in  this  lest,  but  as 
the  initial  velocity  was  taken  from  the  engine  it  is  impossible  to  do  so. 
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0.353  vert.  ft.  per  station  as  the  assistance  derived  from  mo- 


16  94  vert.  ft. 

48.00  stations 

mentum,  and  1.39  —  0.353  =  1.04  per  cent  as  the  virtual  grade  in  the  second 

lest. 


All  this  is  shown  graphically  in  Fig.  233.     At  the  foot  of  the  grade 
the  vertical  head  corresponding  to  the  given  velocities  is  erected,  and 


J: 


I 

I 

I 


I 


t700 


1800' 


also  at  the  head  of  the  grade,  although  it  is  so  small  as  to  be  hardly  visible. 
The  dotted  lines  show  the  virtual  grades.  The  two  tests  coincide,  it  will 
be  seen,  almost  exactly  in  the  virtual  grade  which  they  indicate,  espe- 
cially if  we  remember  that  the  engine  used  a  little  more  steam  on  the 
upper  part  of  the  second  run. 

This  virtual  grade  includes  the  effect  ot  curvature,  and  for  the  power 
develo[>ed  by  the  engine  we  have: 

Lbs.  per  too. 

Train  resistance 5.0 

Grade  worked  by  engine  power  (say  1.06  per  cent) 21.2 

Total  per  ton 26. 2 

26.2  lbs.  per  ton  X  747  tons =  19,571  lbs. 

Against  Mr.  Hudson's  computation  of  actual  work  of 27.467    *' 

And  of  theoretical  woik  with  130  lbs.  pressure  of 24.960    ** 

The  actual  work  done  requires  an  average  effective  piston  pressure  of 

"  "  ■  =  a  fraction  over  100  lbs.  per  square  inch,  which  is  coming  down 
192 

within  the  bounds  of  reason  (and  barely  that)  for  a  Consolidation  engine 
carrying  140  lbs.  of  boiler  pressure  and  running  over  15  miles  per  hour. 
950.  We  may  see  how  these  variations  of  velocity  may  tend  to  in- 
crease grades,  and  how  nearly  our  process  of  computing  them  will  check, 
by  considering  what  took  place  between  the  starting-point  and  foot  of 


704  CHAP,  XX,^DUPLICATE  TRACKS  FOR  PUSHER  GRADES. 

the  grade,  1500  ft.  of!,  over  a  nominally  level  grade.    The  virtual  grade 
may  be  thus  determined  : 

In  first  test.  In  second  test. 

Speed  acquired  in  1500  ft 18.00  22.30 

Corresponding  vel.-head,  ft 11.50  17*67 

Then  we  have,  as  the  viriua/  graides  per  station..     £Ii5?=  0.77  =  1.18 

15.00  15.00 

In  other  words,  in  the  first  test  the  engine  started  off  lazily  and  did 
not  do  as  much  work  as  after  it  struck  the  grade.  In  the  second  test  the 
engine  succeeded  in  doing  somewhat  more  work  than  it  did  after  it  struck 
the  grade,  as  is  but  natural  from  the  fact  that  its  average  velocity  was 
less  and  (probably)  it  used  more  sand  and  had  a  somewhat  higher  boiler 
pressure.  But  the  correspondence  is  close  without  these  allowances; 
quite  sufficient  to  indicate,  what  is  beyond  question,  that  the  method  is 
essentially  trustworthy. 

Now,  had  this  grade,  instead  of  being  only  4800  ft.  long,  been  48,000 
ft.  long,  it  will  be  evident  that  the  same  initial  velocity  would  have  done 
very  little  to  help  out  the  engine.  To  derive  equal  aid  from  momentum 
we  should  have  needed  to  have  a  vertical  head  ten  times  as  great  in  that 
case,  or  176  ft.,  which  would  have  carried  the  necessary  initial  speed  up 
to  the  impracticable  limit  of  nearly  7r  miles  per  hour.  Consequently, 
while  short  grades  and  short  sags  may  be  operated  almost  as  levels  with 
speeds  of  30  to  50  miles  per  hour,  long  grades  or  bad  sags  can  be  but 
little  helped  out  by  momentum.  In  the  one  case  the  profile  tells  the 
truth,  and  in  the  other  it  does  not. 


PART  IV. 


LARGER  ECONOMIC  PROBLEMS. 


*'  The  rich  man^s  wealth  is  his  strong  city :  the  destruction  of  the  poor 
b  their  poverty."— Proverbs  x.  15. 

**  For  whosoever  hath,  to  him  shall  be  given,  and  he  shall  have  more 
abundance :  but  whosoever  hath  not,  from  him  shall  be  taken  away  eveo 
that  he  hath."— Matthew  xiii.  la. 

**  For  which  of  you,  intending  to  build  a  tower,  sitteth  not  down  lint, 
and  counteth  the  cost,  whether  he  have  sufficient  to  finish  it  f  Lest  haply, 
after  he  hath  laid  the  foundation,  and  is  not  able  to  finish  it,  all  that  be- 
hold it  begin  to  mock  him,  saying,  This  man  began  to  build,  and  was 
not  able  to  finish.*'— Luke  xiv.  2&-yx 

45 
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CHAPTER  XXL 

TRUNK    LINES   AND   BRANCH    LINES. 

951.  That  the  most  elementary  conditions  on  which  the  suc- 
cess or  tailure  of  railway  enterprises  depend  are  often  radically 
misunderstood,  almost  necessarily  follows  from  the  fact  that  the 
world  is  so  full  of  examples  of  misdirected  enterprise — of  lines 
built  with  great  hopes  of  profit  which  have  proved  miserable 
failures;  while,  on  the  other  hand,  there  are  so  many  examples  of 
roads  built  for  local  purposes,  or  otherwise  without  particular 
expectation  of  a  brilliant  future,  which  have  proved  magnificent 
properties.  Among  innumerable  examples  which  might  be  men- 
tioned we  may  take  the  West  Shore  Railroad  of  New  York  as 
an  example  of  the  first  class,  and  the  parallel  New  York  Central 
of  the  last:  the  present  New  York  Central  &  Hudson  River  Rail- 
road having  been  made  up  by  the  consolidation  of  six  or  eight 
different  local  lines,  built  with  little  or  no  reference  to  the  forma- 
tion of  a  great  trunk  line.  These  two  lines  are.  in  their  different 
ways,  striking  examples  of  the  fact  that  the  conditions  which  con- 
trol the  future  prosperity  of  such  properties  are  often  wholly 
misunderstood. 

952.  It  seems  for  many  reasons  probable  that  by  far  the  larger 
part  of  this  very  general  misunderstanding — of  the  blundering 
into  unexpected  success  on  the  one  hand,  and  into  dism^  and 
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Utter  failure  on  the  other — arises  from  a  single  cause,  viz.,  an 
imperfect  understanding  of  certain  elementary  facts,  which  we 
will  now  consider,  as  to  the  effect  upon  the  productiveness  of  the 
property  of  any  increase  in  the  sources  of  traffic.  The  unex- 
pectedly good  or  bad  fortune  of  hundreds  of  properties  can  be 
traced,  in  part  or  whole,  to  this  single  cause. 

953.  Let  us  suppose  a  railway  to  be  projected,  say  loo  miles 

long,  to  connect  two  traffic  points  of  some  importance,  A  B^  Fig. 

A  233'.  We  will  assume  for 

• •    simplicity  that   there  is 

^o-  '33'.  little  or  no  intermediate 

local  traffic,  as  often  happens.  We  will  consider  A  and  B  to  be 
equal,  not  necessarily  in  population,  but  in  traffic-contributing 
capacity  to  this  particular  line.  The  traffic  which  the  railway 
has  to  support  it  may  be  then  represented  by  the  combination 
ABy  being  that  which  naturally  exists  between  two  traffic  points 
of  tiie  importance  of  A  and  B, 

994.  Let  us  now  suppose  that  another  alternate  route  may  be 
chosen,   which   by  a  slight  detour  will   strike  an    intermediate 

C  traffic  point  C,  Fig.  234, 

^,„^^^^^-^ 7117. ..rrmrrrrrrrrrrrr^^  ^^  equal  potential  mag- 
nitude with  A  and  B\ 
'  '^'  how   have    we    affected 

the  revenue-earning  capacity  of  the  line? 

A  most  natural  answer — beyond  all  question  a  very  common 
answer — is  that  we  have  increased  it  just  50  per  cent.  Instead  of 
serving  perhaps  100,000  people  in  the  two  towns  A  and  B^  we 
now  serve  150,000  people  in  the  three  towns  A,  B,  C.  Fifty  per 
cent  more  people,  fifty  per  cent  more  traffic,  fifty  per  cent  more 
earnings — seem  natural  corollaries  of  each  other. 

On  the  contrary,  it  may  be  shown  at  once  that  we  have 
doubled  our  probable  traffic,  and  really  we  have  tripled  our  traffic, 
and  rather  more  than  tripled  it.  Instead  of  having  only  Traffic 
ABy  Fig.  233',  we  have  Traffic  AB,  Traffic  AC,  Traffic  CB,  Fig.  234 

The  value  of  the  latter  is  obviously  twice,  and  really  consid- 
erably more  than  three  times,  that  of  the  former. 
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To  have  the  traffic  tripled  we  must  assume  that  Traffic  AB^ 
Traffic  AC^  and  Traffic  £C^  Fig.  234,  are  of  equal  financial  value 
— which  they  are,  as  nearly  as  may  be. 

995.  An  objection  to  this  statement  will  naturally  suggest  it* 
self — that  in  Fig.  234,  although  the  traffic  points  A^  B^  C  are 
equal  in  magnitude,  yet  the  haul  on  the  Traffic  AB  is  twice  that 
on  Traffic  ^Cor  CB.  Therefore,  if  the  volume  of  each  be  the 
same  and  the  rates  be  the  same,  we  apparently  have  Traffic  AB  s 
Traffic  AC  +  Traffic  CB^  so  that  we  have  only  doubled  instead  of 
tripling  our  traffic  from  a  revenue-producing  point  of  view. 

But  these  latter  assumptions  are  not  correct,  either  as  respects 
the  volume  of  or  rates  on  traffic. 

As  respects  the  effect  of  distance,  it  may  be  said  in  a  general 
way  that,  if  we  consider  only  great  and  decided  differences  of 
distance,  the  volume  of  traffic,  both  passenger  and  freight,  will 
be  at  least  inversely  as  the  distance :  that  is  to  say,  if  two  given 
traffic  points,  100  miles  apart,  could  be  moved  up  to  a  distance 
of  only  50  miles  from  each  other,  and  remain  otherwise  un- 
changed, the  volume  of  traffic  between  them  will  be  at  least 
doubled.  New  York  and  Philadelphia,  for  example,  are  90  miles 
apart,  and  New  York  and  Boston  231  miles.  Could  these  cities 
be  moved  up  to  within  45  and  115  miles  of  each  other  the  volume 
of  traffic  between  them  might  even  be  quadrupled,  and  certainly 
the  lines  connecting  them  would  be  very  much  better  properties, 
because  the  loss  of  haul  would  be  more  than  made  up  by  the 
increase  of  volume,  even  as  respects  gross  revenue,  leaving  the 
saving  in  expenses  by  the  shorter  haul  and  the  probable  higher 
rates  per  mile  almost  a  clear  gain. 

996.  As  to  rates,  it  is  an  entirely  safe  general  rule,  that  freight 
hauled  only  half  as  far  will  pay  a  materially  larger  rate  per  mile 
for  the  haulage  proper,  excluding  the  terminal  charge,  which  is 
in  effect  a  part  of  every  rate. 

The  passenger  rates  per  mile  might  well  be  the  same  or  even 
lower,  but  this  would  only  be  for  the  reason  that  it  was  profita- 
able  to  make  them  lower,  to  secure  the  far  greater  net  gain  from 
the  increase  of  volume.  The  traffic  would  in  all  such  cases  bear 
a  materially  higher  rate  per  mile  without  decreasing  its  volume 
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Table  193. — Comiimmed, 


TorrAL  Fonrmsai  Gskat  Si 

It  of  tool  Uoited  Seucs. 


! 


5i.«5p. 


»-«»P- 


Total  or  Miw(»  Lncss  of  tbe  Uahcd 
$3o  to  400  diflereat 


^er  cent  oi  toeai  United  Scucs 


4S.r5p. 


Tscai  o<  ^e  ITai^d  Seatcs  ia  iSi.  of  w&adi 


Mifctj^jr"' 


Sijace  i5Si  there  have  been  manj  cbas^es  ia  the  details  of  the  above  tilife,  fant  the 
(TeAt  sjisteets  given  pr\>b«btT  cover  vr,  the  a^te^.*"'  ^  s^^  fauser  pn|iortkM  of  tbe  total 
Bujeace  oc  the  United  Staeesw  Tbere  were  in  iSSi  a  total  of  104.813  mOK%  iqwitii  llllil^ 
icvju?  miVes  of  whxh  did  not  report  earning 


aivii:ion  to  :he  :ribu:ary  pv»pu;a:ion  maites  the  re  venae  per  head 
rrona  the  previously  tributJiry  population  greater.  ThLs  may  not 
o::en.  perhaps  never,  be  more  than  dimly  felt,  but  that  it  is  the 
true  cause  and  ius:inca::oQ  tor  many  such  extensions  we  cannot 

doubt. 

Nevertheless  there  are  certain  mountainous  or  sparsely  popu- 
lated and  t^^or  re>;  ons,  in  t:».is  and  all  other  countries^  where 
reasonable  t-.o^s.iv^m  ::o:i*.  cvvr petit: ve  lines  is  assured,  as  in 
Mex:cv\  the  lines  \\  whicli  a:^o:\:ed  some  instructive  examples  of 
the  ::<:i:  aiul  \\ioi»<  wav  o:  !avi:»^  o.:t  main  lines. 

9^^»  Iveatmj;  m  innui  wIm:  we  :^ave  already  seen  as  to  the 
$ma.'i  o\;vnsc  ot  ovvuiin^;  o\:  a  d:sta:x>f  \par.  197).  the  appreci- 
able additiouN  10  iv'Vv'iKio  \\'*  c  »  nuix  be  expected  to  arise  from 
It  VV^*'  ->^^«  *^"^'*  **»^^'  N'.i>a!l  o:*xv:  o:  :nov:e:ate  additions  of  dis- 
tance tv*  diNCou'. .iv;o  na'.hs'.  ;hoie  ca:j  be  no  question  that  the 
tundamcMial  lulc  u^i  la\  i>»;  v^;;:  n.i^:>  ;  -.tes — deviated  from  only 
tor  ^ood  special  iv\»nvm»x  xIk^u  vi  ;v  '.o  !-.:?k.  together  the  largrest 
ik^^mMo  pop.r.i,  ^'  '.  ^  v\;aul!vNN  x*;  :»Y:av>:  '.osses  ot  distance,  pro- 
vidcvl  iHK  Vv;v.\Kv.  \»K  ro>  ;  '  \  t  v-n  tkk  m:v.k  or  ROAD  is  not 
dinuiiixlu'd  V:^a.     \;  \  s*;   .\n'»  xwi.,-,    !»ox  ■.:  ;:  j^^     ^\n  ultimate 
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limit,  beyond  which  it  would  certainly  be  unwise  to  go,  and 
hence  which  should  not  be  closely  approached,  is  that  the  in- 
crease per  cent  of  distance  should  not  exceed  the  increase  per 
cent  of  probable  revenue,  according  to  eq.  (6),  par.  961. 

966.  The  most  marked  exception  to  this  rule  is  when  the  dif- 
ference of  distance  becomes  so  great  as  to  seriously  discourage 
traffic,  or  encourage  the  construction  of  a  more  favorably  situ- 
ated competing  line^ 

A  further  exception  is  when,  by  passing  midway  between  two 
traffic  centres,  neither  of  which  can  be  reached  readily  by  the 
main  line,  both  may  be  served  fairly  well  by  branches  or  other- 
wise (par.  66). 

Any  marked  difference  in  grades  or  costs  of  construction  may 
of  course  make  a  difference  either  pro  or  can  ;  but  entire  disre- 
gard of  the  rule,  by  deliberately  neglecting  intermediate  traffic 
points  for  the  sake  of  through  traffic,  usually  means  financial 
failure. 

967.  Several  instances  of  the  application  of  these  general  rules  may 
be  studied  on  any  map  of  Mexico,  showing  the  existing  railway  lines. 
The  most  pronounced  is  the  choice  between  the  route  from  the  City  of 
Mexico  to  the  United  States  (via  the  Mexican  Central  or  the  Mexican 
National  routes),  either  of  which  could  be  chosen  by  the  Central  at  the 
time  the  concessions  were  granted. 

The  longer  line,  passing  through  the  heart  of  Mexico,  and  thence  con- 
necting at  El  Paso  with  the  Atchison,  Topeka  &  Santa  Fe,  was  chosen. 
The  grounds  for  this  choice,  beyond  question,  were  that  (i)  railways  in 
Mexico  were  10  be  profitable ;  (2)  the  more  railway  controlled  the  more 
aggregate  profit,  even  if  the  less  per  mile ;  (3)  a  long  line  through  the 
heart  of  a  country  must  in  the  long-run  be  the  best  line. 

On  the  other  hand,  the  choice  violated  two  of  the  fundamental  rules 
which  have  been  laid  down.  First,  it  seriously  discouraged  traffic  be- 
tween Mexico  and  the  United  States  by  burdening  that  which  passed 
over  it  with  nearly  500  miles  of  extra  haul :  this  practically  insuring  that 
the  National  line,  when  completed,  would  be,  or  might  easily  make 
itself,  the  leading  through  line.  Secondly,  it  very  materially  decreased 
the  average  tributary  population  per  mile  over  what  it  would  have  been 
had  the  Mexican  Central  line  been  followed  as  far  as  Celaya,  in  Central 
Mexico,  and  the  Mexican  National  from  there  north  ;  especially  bad  the 
46 
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lawTS  of  S:l£:x  Gua=a;.2a:'X  a=d  Lcoq  been  linked  to  this 
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970.  Beyond  La  Barca.  altboagh  the  line  bad  already  been  mn  oat 
of  iti  course  from  Pitzcuaro  to  the  Pacific,  it  was  decided  to  ran  it  Kill 
farther  north  to  take  in  the  Important  city  of  Guadalajara,  the  second 
city  in  Mexico  (about  80,000  inhabitants),  whence  the  line  started  almoit 
due  south  for  Colima  and  the  coasts.  This  change  alone  much  mote 
tlian  doubled  the  probable  traffic  per  mile  of  the  road,  and  It  would  have 
been,  from  an  economic  point  of  view,  a  very  great  error  not  to  do  U. 


It  in  effect  cut  the  line  into  two — one  from  Guadalajara  to  the  coaat,  and 
one  from  Guadalajara  to  Mexico;  but  all  the  more  it  was  desirable.  The 
sharply  accentuated  topographical  conditions,  which  it  is  impossible  to 
describe  with  more  detail,  made  this  particularly  clear. 

971.  Trunk  lines  open  to  destructive  competition,  and  able 
to  command  only  a  narrow  belt  on  each  side  of  them  as  their 
natural  tributary  territory,  nor  that,  unless  Ihey  afford  almost  as 
H"ni  accommodaiions  as  it  is  possible  to  give,  can  of  course 
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urtitnl  111)  hiu:}i  sacrifice  as  this.  As  the  subject  is  a  large  and 
ri)iiiplc*x  niic«,  tht*  conditions  of  success  and  failure  may  perhaps 
he:  inoict  uhc*fiilly  indicated  in  a  small  space  by  a  few  notes  from 
\\\ti  hihlnry  tif  the*  actual  trunk  lines,  and  notably  of  the  four 
li  uiik  lMu*h  /ii/  /•.vm7/#*//iy— the  New  York  Central  &  Hudson  River, 
\i\\\\  IVnil^ylvMnia,  and  Baltimore  &  Ohio — than  by  a  more  gen« 
riid  diMU^Nion. 

tt79i  I  )to  Now  Yitik  Ontral  is  probably  the  most  striking  example  in 
\\\y  \\\\\M  y\\\\\\\  ol  two  truths:  That  lines  connecting  the  largest  aggre- 
^s\w  \\\  |K»p\tl<uuM)  will  tn*  likoly  to  Ho  on  the  most  favorable  route  for  easy 
lii.uK !«.  s\\\\\  that  «MH\  ^lUvlos  i^ivo  an  overwhelming  advantage  in  handling 
Ui\\  \i\w  hath\  rs|HVMltv.  As  a  throvi^h  line  the  New  York  Central  was 
\\\\\  \\\\\\\\  \\  ^ivw  S^Mne  li:iiH'n  didfcrent  corporations  built  its  New 
\  ixk  \  l\u  -t^N^  li.'o.  \MN'h  without  a  thv^ua^ht  of  doing  more  than  oonnect- 
\\\\\  a^  \^\\a  ^mUu  u.>u  tountni  Oons^.:en:ly  it  did  connect  them  effec- 
\\\.\\\\    M\y\\\w  \\\\y^\\\\\\x\\\  s\\v^^<>\  tv^wr.s  trom  which  the  New  York 
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indirect  benefit  of  its  immense  local  traffic,  which  alone  required  and 
supported  all  the  staff  and  plant  of  a  great  railway,  enabled  its  through 
business,  vast  as  it  was,  to  be  handled  as  so  much  extra  business,  the  only 
expense  for  which  was  the  direct  outlay  for  wages  and  fuel  and  a  small 
amount  for  wear  and  tear  of  track. 

Of  no  other  trunic  line  was  this  so  nearly  true,  but  the  lower  rate  per 
mile,  and  high  cost  for  fuel  and  (comparatively)  raw  material  on  the  New 
York  Central,  has  united  to  produce  one  result  which  is  not  always  under- 
stood: The  per  cent  of  operating  expenses  to  receipts  is  and  has  always 
been  high  on  it,  as  shown  more  clearly  in  Table  37,  page  no,  viz.: 

t  AVEKAGK  » 

1876-80.  i88i-t5. 

New  York  Central, 61.3  67.9 

Erie, 70.0  69.7 

Pennsylvania 55.7  58.3 

Baltimore  &  Ohio, 53.9  56.0 

This  contrast  is  immutably  fixed  by  the  nature  of  the  traffic  and  the 
operating  conditions,  and  gives  no  indication  of  relative  efficiency  of 
operation,  as  has  often  been  carelessly  assumed. 

974.  The  increase  in  the  percentage  of  operating  expenses  which  is  visible 
above  in  the  figures  for  every  one  of  the  three  lines  but  the  Erie,  is  due  simply 
to  the  enormous  reduction  in  rates  in  recent  years,  the  latter  being  at  once  a 
cause  and  effect  of  the  still  more  enormous  increase  in  volume  of  traffic.  The 
astounding  and  almost  incredible  fig^ures  for  this  change  are  shown  in  Table  194, 
and  graphically  in  Fig.  240.  The  history  of  the  world  affords  no  parallel  to  it, 
and  it  is  one  of  the  strongest  proofs  that  we  have  not  erred  far  in  our  conclu- 
sions in  the  first  part  of  this  chapter. 

975.  The  Pennsylvania  is  in  many  respects  a  contrast  to  the  New 
York  Central.  Like  the  latter,  it  grew,  rather  than  was  made,  as  a  New 
York  and  continental  trunk  line.  Projected  to  bring  traffic  from  the 
West  to  Philadelphia  only,  it  chanced  to  lie  in  the  most  favorable  posi- 
tion for  a  short  low-grade  line  between  New  York  and  the  West.  The 
irresistible  tendency  of  events,  and  of  its  situation,  linked  with  it  a  Penn- 
sylvania-New York  line  on  the  East,  and  a  branching  network  of  lines 
through  the  West.  In  companng  it  with  the  New  York  Central  one  is 
immediately  struck  by  the  contrast  in  this  respect  which  its  policy 
affords,  and  while  much  of  this  may  well  be  due,  and  no  doubt  is,  to  a 
difierence  in  the  "  personal  equation"  of  the  managers,  an  underlying  rea- 
son for  it — of  which,  perhaps,  no  one  was  conscious — is  that  the  Pennsyl- 
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Table  194. 

Increase  of  Traffic  and  Decrease  in  Rates  on  Various  Groups  or 

American  Lines,  1865-1885. 

[The  last  part  of  this  table  is  shown  graphically  in  Fig.  340.] 


Vbar. 


1865 

1866. 
1867 

1868. 
1869 


1870 


1871. 
187a. 

J873 
/874 


1875 


1876. 
1877. 

1878. 
1879 


Sbvbn  Trunk 
Lines. 


Ton- 
mile*. 

(i  = 
1 ,000,000. ) 


1880 


i88t. 
1882 

T883 
1884 


1885 


i.654_ 

2,044 
2,258 

2,651 
3.»59 


3,744 


4,341 
5.«8i 

5,782 
5.879 


Rate. 
Cents. 


2.900 

2.546 
2.306 

1. 951 
I  7»5 


5-917 


6,739 
6,536 

8,853 
10.120 


10,544 


n,659 
11,189 

11,141 

10.719 


".33» 


i-585_ 
1.478 
«-475 

1.470 
?:342_ 
1. 161 

.971 
.807 

•7^5 
.840 


•759 
.665 

.842 
.740 


.636 


Six  Chicago 
Roads. 


Ton- 
miles. 
(I  = 
1 .000,000.) 

Rate. 
Cents. 

513 

3.642 

893 
1,054 

3-459 
3«75 

3.»54 
3  026 

1,234 

2  423 

J.233 
1.337 

«,749 
1,851 

2.509 
2  582 

2.188 
2.160 

1*904 

1.979 

1,994 
2,211 

2,822 
3.470 

1.877 
1.664 

1.476 
1.280 

4.544 

1.266 

4.435 
5,041 

5,768 
5,940 

1.420 
I  364 
1.308 

I.2SI 

6,287 


TwsNTY-ONB  Leading  Lims. 


1.200 


I  —  1(000,000. 

Tons. 

Ton- 
miles. 

33 

aOTO 

88 

30 

35 
39 

3,981 
3,333 

3»743 
4.408 

39 

5.XIX 

50 
59 

67 
65 

S.937 
6,973 

7,885 
8.020 

63 

8,380 

69 
73 

75 
96 

9.072 
9.«3« 

»o»433 
>3,033 

106 

M.085 

126 
»34 
142 
«44 

16,074 
16,075 

>7,307 
17.50X 

I5> 


18,837 


Freight 
Earnings. 

9X000.) 


$69.8a5 


77.003 
75*38* 

80,141 
87.436 


88.488 


97,186 
1x3,408 

."7.045 
X08.598 


X07.657 


X03,009 

100,804 

«05,973 
"4,255 


'39.33' 


146,699 
'47.7'9 

167.564 
'53-735 


'44.569 


Rate. 
Cents. 


^•945 


a.  583 
a. 338 

a.  140 
'•983 


'•73' 


1.636 
i.6ia 

i.6xz 
'•354 


Z.384 


1.134 
Z.X03 

1.015 
0.876 


0.988 


0.91a 
0.918 


o. 
o. 


878 


0.767 


This  table  is  from  data  compiled  by  Mr.  Henry  V.  Poor.  The  seven  trunk  lines  are 
the  Pennsylvania ;  Pittsburg,  Fort  Wayne  &  Chicago  ;  New  York  Central ;  Lake  Shore; 
Michigan  Central ;  Boston  &  Albany ;  and  New  York,  Lake  Erie  &  Western.  The  six 
Chicago  lines  are  the  Illinois  Central ;  Chicago  &  Alton ;  Chicago  &  Rock  Island  • 
Chicago,  Burlington  &  Quincy ;  Chicago  &  Northwestern ;  Chicago,  Milwaukee  &  St. 
Paul. 

These  thirteen  roads,  with  eight  others  of  most  prominence,  are  included  in  the  iy^4 
part  of  the  table,  from  which  Fig.  240  was  constructed. 


Vania  had  more  to  gain  by  extending  itself  in  all  directions,  and  more  to 
lose  by  not  doing  so.  Additional  traffic  we  have  seen  (par.  41)  to  be 
that  on  which  railways  grow  rich.  With  the  greatest  city  of  the  country 
only  ninety  miles  off,  it  was  indispensable,  to  secure  the  utmost  traffic 
from  it,  to  reach  it  by  its  own  lines,  even  with  a  friendly  independent 
connection  as  an  alternative.     The  futility  of  terminating  a  line  at  any 
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other  than  the  largest  nvailable  city  waa  never  better  illuatratcd,  nnlcM 
by  the  experience  of  the  Erie  at  Dunkirk  on  a  smaller  scale.    Pertiapf 


ij 


I 

I 


!l 


i 


Fig.  341  is  as  good  an  object-lesson  as  could  be  found  as  to  the  folly  of 
such  attempts,  even  when  circumstances  seem  to  especially  favor  what 
sanguine  projectors  look  on  as  a  "  fair  divide"  of  an  enormous  traffic. 
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Table  194. 

Increase  of  Traffic  and  Decrease  in  Rates  on  Various  Groups  op 

American  Lines,  1865-1885. 

[The  last  part  of  this  table  is  shown  graphically  in  Fig.  a4a] 


Seven  Trunk 
Lines. 

Six  Chicago 
Roads. 

TwsNTY-ONB  Leading  Lines. 

Vbar. 

Ton- 
mile*. 

(1  = 
1,000,000.) 

Rate. 
Cents. 

Ton- 
miles, 
(i  = 
1 .000,000.) 

Rate. 
Cents. 

I  —  1,000,000.       1 

Freight 
Earnings. 

Jtt  = 
fiooo.) 

Rate. 
Cents. 

. 

Tons. 

Ton- 
miles. 

1865  ... 

1.654 

3.900 

2.546 
a. 306 

1-951 
«  715 

513 

3.642 

aa 

«»370 

$69,825 

i-945 

1866... 
1867  ... 

1868.... 
1869  ... 

2,044 
2,258 

2.651 
3.»59 

893 
1,054 

3-459 
3.»75 

3.154 
3.026 

aS 
30 

35 
39 

8,981 
3,aaa 

3*743 
4.408 

77.003 
75,38x 

8o,i4X 
87.436 

8.583 
a. 338 

S.X40 
X.983 

1870 

3,744 

1.585 

1*234 

2.423 

39 

5.11X 

'  88.488 

X.731 

1871  — 
187a. ... 

1873  •• 
7874.... 

4,341 
5.«8i 

5,782 
5.879 

1.478 
1-475 

1.470 
I  342 

i»233 
it337 

1,749 
1,851 

1,904 

2-5oy 
2  582 

a.  188 
2.160 

50 
59 

67 
65 

5,937 
6,97a 

7,885 

8.030 

8,380 

97,186 
xta,4o8 

."7,045 
108.598 

1.636 
X.613 

X.611 
1.354 

1875 

5-917 

1. 161 

.983 
.971 

.807 
•725 

1.979 

63 

107.657 

x.a84 

1876. . 
1877. •• 

1878  — 
1879 

6,739 
6,536 

8,853 
10.120 

1,994 

3,211 

2,822 
3.470 

1.877 
1.664 

1.476 
1.280 

69 
73 

75 
96 

106 

9.07a 

9.»3« 

'0.433 
13,033 

103,009 
100,804 

»o5,973 

"4,255 

X.I34 

Z.I03 

1.015 
0.876 

1880 

10.544 

.840 

4.544 

1.266 

'4.085 

«39,33< 

0.988 

1881  — 
1883  ... 

1883  ... 
1884 

11,659 
11,189 

11,141 
10.719 

•759 
.665 

.842 
.740 

.636 

4,435 
5,041 

5,768 

5,940 
6,287 

1.430 
1  364 

1-308 
1.251 

xa6 
»34 

142 
144 

16,074 
16,075 

17,307 
17,501 

146,699 
«47,7«9 

x67,564 
«53.735 

o.9ta 
0.918 

0.068 
0.878 

1885  .. 

11.331 

I.300 

151 

18,837 

144,56a    1      0.767 

This  table  is  from  data  compiled  by  Mr.  Henry  V.  Poor.  The  seven  trunk  lines  are 
the  Pennsylvania ;  Pittsburg,  Fort  Wayne  &  Chicago ;  New  York  Central ;  Lake  Shore; 
Michigan  Central ;  Boston  &  Albany ;  and  New  York,  Lake  Erie  &  Western.  The  six 
Chicago  lines  are  the  Illinois  Central;  Chicago  &  Alton;  Chicago  &  Rock  Island; 
Chicago,  Burlington  &  Quincy ;  Chicago  &  Northwestern ;  Chicago,  Milwaukee  &  St 
Paul. 

These  thirteen  roads,  with  eight  others  of  most  prominence,  are  included  in  the  last 
part  of  the  table,  from  which  Fig.  240  was  constructed. 


vania  had  more  to  gain  by  extending  itself  in  all  directions,  and  more  to 
lose  by  not  doing  so.  Additional  traffic  we  have  seen  (par.  41)  to  be 
that  on  which  railways  grow  rich.  With  the  greatest  city  of  the  country 
only  ninety  miles  off,  it  was  indispensable,  to  secure  the  utmost  traffic 
from  it,  to  reach  it  by  its  own  lines,  even  with  a  friendly  independent 
connection  as  an  alternative.     The  futility  of  terminating  a  line  at  any 
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other  th.in  the  largest  available  city  was  never  better  illustrated,  iinlesi 
by  the  experience  of  the  Erie  at  Dutilcirk  on  a  smaller  scale.     Perhaps 


1 


; 


Fig.  241  is  as  good  an  object-lesson  as  could  be  found  as  to  the  folly  of 
such  attempts,  even  when  circumstances  seem  to  especially  favor  what 
sanguine  projectors  look  on  as  a  "  fair  divide"  of  an  enormous  traltic. 
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976.  A  !Bi^r  rcasoi),  which  includes  the  first,  was  that  the  Pennsrl* 

as  to  (onn  a  very  short 
line  between  ahnost  all 
points  on  the  West  and 
the  sea-coast.  This  in- 
sured good  arerage  rates 
per  mile,  while  the  abun. 
dance  of  coal  and  iron 
on  tbe  line,  and  the 
brgc  amoant  of  favor- 
able grades  insnred  tov 
operating  expenses.  The 
Peniisr'vania  had  much 
to  f^ain,  tbnvfoTe.  from 
handling  additional 
tfarotigh  traffic  OVER  ITS 
OWN  UXESL  according 
to  ti:«  law  laid  down  in 
[Mr.  :ii — that  the  only 
corditkias  nnder  which 
a  I;ae  cootd  reap  the 
fcl*  benefit  of  beii^  a 
s^or;  !»e  «»  that  it 
$£xvj>i  rc*clt  aD  its  in^ 
pL-r^t^t  tnttc  points  by 
fcsv-w^'-jie*.  TbeFenn- 
$1^vlT3iw«»sacba  short 
^3m:  c  BctKccded  to 
MC^  ;  W  oUkt  half  of 
-!c  T-«.  A3id  too  UtUe 
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to  the  New  York  Central  it  was  a  small  object,  because  it  made  a  small 
profit  out  of  it.  The  New  York  Central's  chief  reliance  has  been  on  its 
local  traffic;  its  through  rates  per  mile  being  necessarily  low  at  best, 
even  on  that  traffic  so  situated  as  to  come  to  it  most  naturally,  while  its 
expenses  were  higher  because  of  dear  fuel.  Had  it  gone  much  out  of 
its  way  to  seek  more  through  traffic,  its  average  rates  per  mile  would  have 
been  lower  yet,  and  un remunerative.    Therefore  it  has  not  done  so. 

977i  In  part,  this  likewise  explains  why  the  unfortunate  Erie  has 
never  tended  to  ramify  throughout  the  West ;  but  the  Erie  is  an  example  ot 
a  line  which  has  succeeded  in  spite  of  this  disadvantage,  for  four  reasons : 

1.  By  terminating  at  the  greatest  city  of  the  East,  and  (after  correct- 
ing the  error  of  attempting  to  make  a  new  great  city  at  Dunkirk)  at  the 
chief  traffic  point  at  the  eastern  end  of  the  great  lakes,  making  two  ad- 
mirable termini. 

2.  By  its  skilful  location,  most  of  its  line  being  on  very  low  grades 
indeed,  although  it  has  some  high  summits  and  bad  sections. 

3.  By  its  local  coal  traffic  and  cheap  supply  of  fuel. 

4.  By  its  large  and  growing  local  traffic — less  than  the  New  York  Cen- 
tral's, but  larger  than  the  Pennsylvania's,  and  until  very  recently  little 
subject  to  competition. 

These  gave  it  great  powers  of  offence  against  the  New  York  Central, 
and  it  has  been  able  to  command  at  all  times  a  fair  proportion  of  the 
traffic  which  lines  in  tlie  Central  interest  brought  to  Buffalo.  But  the 
Erie's  prosperity  has  been  injured  by  three  causes  quite  as  potent: 

I.  Of  all  the  great  Eastern  cities,  the  Erie  reached  advantageously 
only  ONE,  whereas  the  New  York  Central  reached  two,  New  York  and 
Boston  (in  fact,  all  New  England  and  a  large  part  of  the  Canada  trade 
has  been  almost  monopolized  by  the  Central),  and  the  Pennsylvania 
reached  four;  the  two  greatest  directly,  New  York  and  Philadelphia, 
and  Boston,  Baltimore,  and  Washington  fairly  well.  This  has  been  the 
primary  difficulty  with  the  Erie.  "To  him  that  hath  shall  be  given."  It 
might  pay  the  Pennsylvania  well  to  control  a  line  to  Smithville  in  order 
to  secure  thereby  its  traffic  with  the  whole  Atlantic  coast,  when  it  would 
not  pay  the  Erie  at  all  to  own  a  line  to  it  which  would  secure  only  its  New 
York  business.  "  Whosoever  hath  not,  from  him  shall  be  taken  away 
even  that  he  hath." 

The  Smithville-Pittsburg  traffic,  the  Smithville-Boston  traffic,  and  the 
Smithville-Jonesburg  traffic  naturally  gravitated  to  the  line  which  com- 
manded its  other  traffic  East;  and  so  the'  owners  of  lines  in  the  West 
were  naturally  drawn  most  to  that  line  which  offered  the  most  widely 
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976t  A  !a>^r  reason,  which  includes  the  first,  was  that  the  Pennsyl- 
vania was  so  situated 
as  to  form  a.  very  short 
line  between  afanost  all 
points  on  the  West  and 
the  sea-coasL  This  in- 
sured good  average  rates 
per  mile,  while  the  abun- 
dance  of  coal  and  iron 
on  the  line,  and  the 
lai^e  amount  of  favor- 
able grades  insured  low 
operating  expenses.  The 
Pennsylvania  iiad  much 
to  gain,  therefore,  from 
handling  additional 
through  traffic  over  its 
OWN  LINES,  according 
to  tlie  law  laid  down  in 
par.  311—that  the  only 
conditions  under  which 
a  line  could  reap  the 
full  benefit  of  being  a 
short  line  was  that  it 
should  reach  all  its  im- 
portant traffic  points  by 
itsownlines.  ThePenn- 
sylvania  was  sucha  short 
line ;  it  proceeded  to 
satisfy  the  other  half  of 
the  true,  and  too  little 
Fio.  •*■■-*'°''^'^^"sj;7^^^o'I^I^Ntl^^B7'Z^,aB5^'"'''"^  '"'"'^  considered,     conditions 

lOne  n(  manv  ■llusir.iifins  i-r  ilie  (wrti-ienty  wkh  »hi<h    of   prosperity,  as  it  was 

SSS,i;l'"ir,r.Sl"SSS'."XV,'.-S;  i»  natur.l  policytodo. 
poiou)  Until  it  did   so  it  was. 

by  its  existence  and  facilities,  making  the  fortunes  of  otiier  lines  in* 
stead  of  iis  own. 

Moreover,  the  additional  through  traffic,  which  Jt  could  secure  by 
controlling  its  connections,  was  a  great  object  to  it,  (or  it  made,  and 
must  always  continue  to  make,  a  comparatively  large  profit  on  it,  while 


CHAP,  XXI,— TRUNK  LINES,  72^ 

to  the  New  York  Central  it  was  a  small  object,  because  it  made  a  small 
profit  out  of  it.  The  New  York  Central's  chief  reliance  has  been  on  its 
local  traffic ;  its  through  rates  per  mile  being  necessarily  low  at  best, 
even  on  that  traffic  so  situated  as  to  come  to  it  most  naturally,  while  its 
expenses  were  higher  because  of  dear  fuel.  Had  it  gone  much  out  of 
its  way  to  seek  more  through  traffic,  its  average  rates  per  mile  would  have 
been  lower  yet.  and  unremunerative.    Therefore  it  has  not  done  so. 

977.  In  part,  this  likewise  explains  why  the  unfortunate  Erie  has 
never  tended  to  ramify  throughout  the  West ;  but  the  Erie  is  an  example  ot 
a  line  which  has  succeeded  in  spite  of  tliis  disadvantage,  for  four  reasons : 

1.  By  terminating  at  the  greatest  city  of  the  East,  and  (after  correct- 
ing the  error  of  attempting  to  make  a  new  great  city  at  Dunkirk)  at  the 
chief  traffic  point  at  the  eastern  end  of  the  great  lakes,  making  two  ad- 
mirable termini. 

2.  By  its  skilful  location,  most  of  its  line  being  on  very  low  grades 
indeed,  although  it  has  some  high  summits  and  bad  sections. 

3.  By  its  local  coal  traffic  and  cheap  supply  of  fuel. 

4.  By  its  large  and  growing  local  traffic — less  than  the  New  York  Cen- 
tral's, but  larger  than  the  Pennsylvania's,  and  until  very  recently  little 
subject  to  competition. 

These  gave  it  great  powers  of  offence  against  the  New  York  Central, 
and  it  has  been  able  to  command  at  all  times  a  fair  proportion  of  the 
traffic  which  lines  in  the  Central  interest  brought  to  Buffalo.  But  the 
Erie's  prosperity  has  been  injured  by  three  causes  quite  as  potent: 

I.  Of  all  the  great  Eastern  cities,  the  Erie  reached  advantageously 
only  ONE,  whereas  the  New  York  Central  reached  two,  New  York  and 
Boston  (in  fact,  all  New  England  and  a  large  part  of  the  Canada  trade 
has  been  almost  monopolized  by  the  Central),  and  the  Pennsylvania 
reached  four;  the  two  greatest  directly,  New  York  and  Philadelphia, 
and  Boston,  Baltimore,  and  Washington  fairly  well.  This  has  been  the 
primary  difficulty  with  the  Erie.  "To  him  that  hath  shall  be  given."  It 
might  pay  the  Pennsylvania  well  to  control  a  line  to  Smithville  in  order 
to  secure  thereby  its  traffic  with  the  whole  Atlantic  coast,  when  it  would 
not  pay  the  Erie  at  all  to  own  a  line  to  it  which  would  secure  only  its  New 
York  business.  "  Whosoever  hath  not,  from  him  shall  be  taken  away 
even  that  he  hath." 

The  Smithville-Pittsburg  traffic,  the  Smithville-Boston  traffic,  and  the 
Smithville- Jonesburg  traffic  naturally  gravitated  to  the  line  which  com- 
manded its  other  traffic  East;  and  so  the  owners  of  lines  in  the  West 
were  naturally  drawn  most  to  that  line  which  offered  the  most  widely 
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ramifying  connections,  and  could  both  give  and  ask  better  terms.  Hence 
it  has  happened — 

2.  The  Erie  has  never  been  able  to  secure  good  Western  connec- 
tions. The  only  serious  attempt  in  that  line,  until  1881,  was  the  old  At- 
lantic &  Great  Western,  one  of  the  most  ill-judged  enterprises  which  has 
ever  been  constructed  in  this  country,  whose  failure  was  foredoomed  from 
the  beginning,  as  pointed  out  in  par.  215  et  seq.  We  may  be  tolerably  as- 
sured tliat  the  Erie  never  will  have  a  great  system  of  connecting  lines, 
for  it  is  not  planned  to  secure  them.  In  this  respect  the  history  of  the 
road  is  full  of  instruction. 

3.  The  Erie  has  been  peculiarly  unfortunate  in  its  past  management — 
in  part  from  lack  of  comprehension  by  its  foreign  owners  of  its  necessi- 
ties and  conditions. 

978.  The  Baltimore  &  Ohio  is  somewhat  of  a  contrary  example — 
of  a  line  whose  judicious  and  consistent  management  has  given  great 
financial  strength  to  a  property  under  many  disadvantages.  It  has 
obeyed  the  irresistible  tendency  of  the  times  by  extending  its  lines  to 
Chicago  in  the  West  (as  well  as  to  the  Ohio  River  tier  of  cities)  and  to 
Philadelphia  and  New  York  on  the  East.  .The  effect  of  the  latter  it  is 
as  yet  (1886)  impossible  to  foresee;  but  unless  the  laws  of  railway  pros- 
perity which  prevail  elsewhere  are  to  fail  in  its  case,  it  will  result. in  a 
very  great  addition  to  its  traffic,  giving  it  what  it  has  never  had  before — 
what  may  be  called  a  continental  traffic. 

For  the  Baltimore  &  Ohio,  as  it  stood  up  to  about  1880,  was  merely 
an  example  of  the  financial  strength  which  may  be  secured  by  locating 
between  considerable  local  sources  of  natural  traffic,  and  holding  strictly 
to  them.  Between  Baltimore  and  Washington  on  the  East  and  Pitts- 
burg, Cincinnati,  Louisville,  and  St.  Louis  on  the  West,  the  Baltimore  & 
Ohio  was  the  natural  channel  of  communication,  and  as  good  a  one  as 
could  be  secured.  A  large  coal  traffic  was  also  assured  to  it.  On  this  it 
prospered,  avoiding  dissipation  of  its  means  on  many  branches  and  con- 
nections. Nevertheless,  it  was  economically  impossible  that  it  should  fail 
for  long  to  reach  out  to  the  other  large  cities  mentioned,  and  to  transfer 
itself  from  a  local  line  to  a  national  one. 

Had  the  Pennsylvania  chosen  to  restrict  itself  to  its  main  line  between 
Pittsburg  and  Philadelphia,  with  a  few  only  of  the  most  necessary 
branches,  it  also  would  have  been,  and  might  have  indefinitely  continued 
to  be,  a  prosperous  local  line  of  the  kind  that  the  Baltimore  &  Ohio  was. 
It  might  even  have  earned  as  good  or  better  dividends  than  now,  but  its 
cost  and  value,  and  its  earning  capacity  likewise,  would   have  been  far 
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less,  ani  itr  tcgr^^ate  profits  vastly  less.    It  was  therefore  not  to  be  ex- 
pected, nor  tot  the  public  interest,  that  it  should  pursue  this  policy. 

979.  In  the  history  of  these  four  trunk  lines,  could  we  afford 
space  to  consider  it  in  detail,  we  have  warning  of  almost  every 
possible  danger  which  can  arise  in  the  laying  out  of  trunk  lines 
— meaning  by  the  latter  term  not  necessarily  lines  of  enormous 
trafiSc  (see  par.  981),  but  lines  the  main  part  of  whose  traffic  is 
complete  in  itself,  so  that  they  are  not  mere  branches  or  feeders 
of  other  lines.  We  may  summarize  a  few  of  the  more  important 
conditions  of  success  in  such  lines  as  follows: 

1.  They  must  reach  by  their  own  lines  the  largest  traffic 
point  at  each  end  which  is  at  all  within  reach  by  an  extension  of 
20  or  30  per  cent  of  their  length,  and  there  must  stand  on  equal 
terms  with  their  connections  as  respects  benefits  and  injuries  to 
be  given  and  received.  Failing  to  do  this  is  pretty  sure  to  result 
in  great  loss,  and  generally  in  insolvency. 

2.  They  must  reach  without  fail  every  considerable  inter- 
mediate traffic  point  along  their  line  which  can  be  reached  by 
any  reasonable  detour  or  even  sacrifice  of  grades,  their  prosper- 
ity  being  about  as  the  square  of  the  tributary  population. 

3.  They  can  in  no  case  attempt  to  create  new  channelf  of 
trade,  as  by  attempting  to  make  a  seaport  out  of  some  neglected 
roadstead,  without  the  greatest  risk  of  failure.  The  attempts  is 
this  direction  have  been  many  ;  the  successes  as  yet  none. 

4.  Nearly  or  quite  half  of  their  traffic  must  practically  begig 
and  end  on  their  own  lines,  either  because  it  goes  no  farther,  ot 
because  it  is  delivered  at  some  great  competitive  distributing 
point. 

5.  Tt  is  of  little  avail  to  run  a  line  even  from  a  great  city  to 
nowhere.  The  apex  to  the  pyramid  in  Fig.  238  is  eloquent  and 
truthful  in  this  respect.  Without  a  gpod  traffic-point  at  each 
«nd  of  a  line  the  conditions  for  great  prosperity  are  not  present* 

BRANCH    LINES. 

980.  That  branches  are  in  the  main  profitable  investments  is 
evident  from  their  very  rapid  rate  of  increase,  which  is  largest. 
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up  to  a  certain  point  at  least,  on  the  most  prosperous  lines.  That 
they  are  rarely  very  profitable  when  considered  by  themselves, 
and  apart  from  the  main  line,  and  as  a  rule  do  little  more  than 
pay  operating  expenses,  is  abundantly  shown  by  the  reports  of 
almost  every  line  which  has  branches  and  reports  their  traffic  in 
detail.  This  fact  is  so  clear  and  so  generally  admitted,  that  it 
hardly  needs  statistics  to  prove  it.  As  a  rule,  the  earnings  per 
mile  of  branches  range  only  from  a  fifth  to  a  tenth  of  the 
earnings  of  the  main  stems. 

981.  The  only  considerable  exceptions  to  this  rule  are  branches 
which  are  in  reality  main  lines,  having  a  very  considerable  traf- 
fic which  is  complete  in  itself.  A  striking  example  of  this  kind 
of  branch  is  what  is  known  as  the  Mahoning  Division  or  Cleve- 
land Branch  o(  the  New  York,  Pennsylvania  &  Ohio  Railroad, 
which  runs  diagonally  across  the  main  line  from  Cleveland  to 
Voungsiown,  This  nominal  ** branch"  was  really  a  subordinate 
main  line«  built  by  a  separate  company  and  projected  on  rational 
principles*  according  to  {vir.  979.  It  had  and  has  a  very  consider* 
able  traffic,  both  fiti'ight  and  passenger,  which  is  complete  in 
itself.  On  the  other  hand,  the  nominal  ^*main  line"  is  in  reality 
a  me^x^  branch*  violating  conspicuously  every  one  of  the  condi- 
tions fv^r  the  suov^ess  ot  main  lines  specifier!  in  par.  979.  It  is 
not  surprising*  theiot\>if«  that  the  "  main  line**  was  a  financial 
taihue  anvi  the  *'buuuh"  a  financial  s^ucccss,  which  has  largely 
hel|ysi  to  >uppvMt  the  main  line  even  af:er  paying  a  very  heavy 
ivntal  ^ic  per  v^ent  viivivieuvis  jht  .mnum)  iv>  the  lessor  company. 

MS«  The  reason  tor  the  c\>ntinueii  and  rapid  building  of 
tM;uK"hes  in  spile  vM  their  i^r^M'r^nt  unpri>ductireness  is  simply 
thi^  :  The\  vNMUMl^uto  tr,;t^io  :o  ir.e  w.a:n  iine  whicli«  as  it  is 
meivJy  an  ^noix^wen:*  v^^^:s  u)\x,ivs  c\>n^ ;\Ara:ively  liiilc  to  move^ 
anvi  otten  no;hioc  at  all  *  V^e  s\^;v.;\Ar:v,  iherefore,  receives  from 
us  vvntubutxN;  ;^at^o  Kr,e>  :o  ,;  V.,;;^,  o:  :vr:^.-,;>s  nOo  miles  at  a 
\\\st  t^^^  h,i«.;nc  viae  tx^  o;>a  ^xV  v^:  ^c>c  Tr::ie&.  This  follows 
\iKr\^5'.v  i:\M^>  >^hA:  \xo  hAxe  xvi  ;;■*.  O  \ftp:er  XV*,  pan  181,  and 
e*>e\xheir.     K*;oel\  \',vsAk:v'ij^,    ,  v^\*  x"aX  :  -re  Average  cost  per  tOft 
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Average  cost  per  unit  of  traffic  s • •• 100 

Extra  passengers,  singly,  cost • ••••••  O^ 

"  *'  in  car-loads  cost ••- •  5  to  50 

"  "  in  train-loads  cost SO 

Extra  freight  in  small  lots  costs  often  in  both  directions  and  usually 

in  one  direction ••• •••• •••••••  O*^ 

*'         **      incar-loads • 5  to  10 

'*  '*  in  train-loads  (and  all  car-loads  must  ordinarily  be  con- 
sidered to  be  made  up  into  extra  trains  in  the  direc- 
tion of  heaviest  traffic)  not  over •••••.  60 

Not  unfrequently  when  a  large  part  of  the  traffic  of  a  branch 
«cs  over  the  main  line  in  the  direction  of  favoring  grades  it  &i 
k  indled  over  the  main  line  at  no  appreciable  extra  cost  by  simply 
ti  «ing  up  trains,  and  the  branch  is  then  enormously  profitable. 

To  these  direct  and  evident  advantages  from  a  branch  is  to  be 
ad 'led  the  vivifying  effect  of  increasing  the  tributary  population 
fro.TQ  the  causes  discussed  in  the  first  part  of  this  chapter,  the 
prosperity  of  the  line  increasing  in  something  like  the  square  of 
the  tributary  population. 

Stt3.  It  is  not  to  be  wondered  at,  therefore,  that  branches  and 
extensions  are  much  sought  for  by  prosperous  companies,  even 
in  regions  where  there  is  not  the  likelihood  of  rapid  increase  of 
trafhc  which  prevails  throughout  the  United  States.  Neither  is  it 
to  be  wondered  at  that  the  seeking  for  them  is  often  overdone, 
so  that  the  branches  become  a  burden  which  threatens  to  swamp 
the  main  line,  and  often  does  so.  For  there  is  this  to  be  said 
against  branches  :  Their  traflic  is  usually  thin,  while  they  cost  as 
much  or  more  to  build  and  not  much  less  to  keep  up  than  the 
main  line.  Therefore  it  is  easy  to  lose  all  that  is  gained  on  the 
main  line  by  the  extra  cost  of  handling  the  traffic  on  branches 
and  paying  their  rentals;  although  it  still  remains  universally 
true,  that  branches  are  far  more  profitable  than  appears  on  the 
face  of  their  returns,  separately  considered. 

984.  These  facts  make  it  easy  to  see  what  should  be  the  gov* 
crning  rule  in  laying  out  branches.  The  one  universal  rule,  to 
be  deviated  from  only  when  special  reasons  to  the  contrary  ap- 
pear, IS  this:  Strike  the  main   line   as  soon  as  possible.     In 
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laying  out  a  branch  to  A  from  the  main  line  jED,  Fig.  241  (which 

represents  to  scale  an  actual  instance),  B  is  in  all  ordinary  cases 

^M^  the  point  to  strike  the  main  line,  if  possible,  even  at 

\^''"T^  some  disadvantage  in  grades  and  construction.     It 

\J        is  not  correct  to  con^pare  the  entire  line  ABCD  with 

cC  the   alternate  ACD.     Were  we  building  a  line  to 

>^       handle  a  main-line  traffic  between  A  and  Z>,  that  would 

Pig,  141'.      be  the  proper  course  to  pursue ;  but  with  a  branch- 

iine  traffic,  when  we  have  gotten  it  to  the  main  line  we  may 

S'ly,  for  preliminary  and  approximate  purposes,  that  we  shall 

handle  it  thereafter  for  nothing.     If  the  branch  traffic  be  nearly 

all  toward  D  and  the  grades  favor  it,  this  will  be  almost  literally 

true.     Therefore  the  true  question  is  :  How  will  this  traffic  be 

moved  10  the  main  line  most  cheaply  and  advantageously — via 

AB  or  nriii  ACt    In  nine  cases  out  of  ten  AB  will  be  the  best,  for 

these  reasons : 

98ft»  Branch-line  traffic  is  light  and  frag^entaiy.  Grades 
and  curves  then  lKHX>me  minor  considerations  within  pretty  wide 
limits  especially  when  one^  two>  or  three  engines  must  be  kept 
on  the  brunch  anyway.  On  the  other  band,  the  extra  cost  of 
keeping  up  the  track  on  AC  instead  of  AB  is  so  much  dead  loss. 

«\ny  tmffic  AE  i$  seriously  buniened  by  the  additional  dis- 
tanv^  rM  ACE  over  ABE^  while  the  gain  to  the  traffic  AD  is  but 
tiitling. 

P*S5eu5::^r  itjiffic  IS  almv\st  invarUbly  better  served  if  deliv- 
ei>Nl  on  the  m^iin  line  with  the  shv>rtest  potssible  hauL 

It  i$  thc)vfot>e  bAvi  p:Ac::ce  to  len^hen  out  brandies  to  get 
chfMp  c\>n$tnict)vHi  aovi  ^wx)  ^^e$«.  even  wImq  the  difference 
fwivwi-ssi  mvviii  of  the  njitSc  xNt  the  brJinv^h^  unless  the  extension  is 
Mstinevi  by  the  CArviiiwil  ral<^  Uui  \K^wq  :  By  whkh  route  is  the 
tj^ffic  ddivenNi  on  vhv  v\ix  ijjw  at  ant  f>>4XT^  nost  cheaply 
and  «vh\^n:A}i^fN^J:si^\  ^t^^i\K^s^  vn^  mi^?^  ? 

M6%  To  the  |\rec«rxli\^3j  ^^  :o  ^s^  *>K*.^  ACK>:her  still  ■Kxre  fan* 
iw  tAnt  4«vl  $o«K^i^w<^:ji ^xv**.. ;  i^ji  v^V :  Sr?!^ts.E  rax  xadi  uxs at 
V  cv>x^ivi^i^ ^»^^ «  WWW  ^y  yvVjv.j^.K  It  x^«^T^  be  a  tovm  of  some 
site  at  either  i^  o*  s"^  Fx^j;  *^*x    ;i^;  >^  .:  K*  :^e  rvxai  to  tcrmi' 
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nate  the  branch  at,  or  to  consider  it  to  terminate  in  comparing 
the  alternate  routes,  for  the  traffic  of  the  branch  will  be  rery  apt 
to  be  delivered  at  this  town  even  if  the  branch  strikes  the  main 
line  elsewhere,  if  it  does  not  add  more  than  20  per  cent  to  the 
haul 

The  purely  local  traffic  of  two  neighboring  towns,  A  and  B 
or  A  and  C^  will  ordinarily  be  found  a  very  welcome  addition  to 
the  traffic  contributed  to  the  main  line  by  the  branch,  and  it 
depends  greatly  on  facilities  If  a  train  has  to  be  taken  from  B 
to  C  and  then  another  from  C  to  ^  to  get  from  Axo  B^  the  A^B 
traffic  will  be  practically  killed.  Only  the  necessary  travel  (par. 
45)  will  remain. 

987.  The  preceding  ha?  been  on  the  assumption  that  the 
branch  is  to  reach  a  point  A.     When  tiie  purpose  of  tbe 


o 


is  not  to  reach  any  particular  point,  bat  to  develop  a  tract  of 
territory,  the  conditions  are  of  course  somewhat  charged,  but 
even  then  the  same  general  principles  apply.  It  will  as  a  mle 
be  more  economical,  and  more  convenient  to  the  traffic,  to  000* 
centrate  it  upon  the  main  line  as  soon  as  possible     Therefore  it 


B  not  as  a  mle  good  practice,  even  when  the  purpose  of  tbr 
hianch  is  to  develop  a  long  strip  of  parallel  territory  which 
traffic  relation!:  mostlr  in  '^  nc  direction.  C,  Yhz-  242,  to  const 
•Ranches  along  parallel  lines.     The  method  outlined  in  Fig.  243 
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is  far  more  likely  to  accomplish  its  purpose  advantageously,  even 
when  branches  like  2?^^  become  necessary;  the  governing  rules 
being,  first,  to  link  together  neighboring  towns  having  natural 
traffic  relations  as  directly  as  possible,  and  secondly,  to  reach  the 
main  line  quickly. 

988.  This  policy  is  the  correct  one,  not  only  because  it  handles 
a  given  traffic  most  economically,  but  because  it  tends  to  unify 
the  district  served  by  the  railway  and  aggrandize  points  on  its 
main  line.  The  two  lines  ^Cand  /?C,  Fig.  242,  are  practically 
two  separate  roads  having  no  interrelation  with  each  other 
whatever.  A  less  amount  of  road  in  Fig.  243  gives  equal  traffic 
facilities  Jrom  the  district  AB  to  C  at  less  cost  to  the  railway,  and 
likewise  promotes  traffic  relations  with  other  points  on  the  mala 
line. and  to  the  south  of  it* 

When  the  traffic  of  the  branch  is  equally  divided  between 
East  and  West,  or  nearly  so,  as  respects  destination  on  the  main 

line,  then  Fig.  244  gives  what 

is  abstractly  by  much  the  best 

Q   system  for  laying  out  branches, 

other  things  being  equal.  Other 

things  rarely  are  exactly  equal, 

and  hence  considerable  devia* 

^^  *^  tions  from  this  plan  are  often 

required  in  the  laying  out  of  such  branches,  but  in  all  cases 

branch  traffic  needs  to  be  quite  differently  considered  from  what 

it  would  be  if  we  were  laying  out  a  main  line  to  the  same  point. 

The  writer  is  compelled  to  omit  a  number  pf  concrete  examples  of  the  lay* 
ing  out  of  branches,  especially  a  most  interesting  one  having  reference  to  the 
Pacific  branch  of  the  Mexican  Central  Railway,  in  order  to  keep  this  volnmt 
iHthin  more  reasonable  f  tse. 


L_l 
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CHAPTER  XXII. 

LIGHT   RAILS  AND   LIGHT   RAILWAYS 

989.  A  FACT  evident  enough  in  the  existing  railway  system  of 
this  country,  and  indeed  of  the  world,  is  that,  taking  it  as  z, 
whole,  distinctively  light  railways  do  not  prosper  nor  multiply. 
The  apparent  field  for  them  is  great — many  times  greater  than  for 
railways  of  th^  ordinary  type.  The  need  for  tiiem  is  keenly  felt 
in  many  regions  where  it  would  appear  as  if  cheap  light  lines 
would  answer  every  requirement  which  the  traffic  justifies.  Such 
lines  can  admittedly  be  built,  and  in  many  cases  have  been  built, 
both  of  standard  and  narrow  gauge,  for  but  little  more  than  the 
cost  of  a  good  turnpike  ;  some  of  them  even  following  the  turn- 
pike, using  low  speed,  light  rails,  light  rolling-stock,  sharp  curves, 
and  little  or  no  grading  beyond  a  mere  smoothing  of  the  sur- 
face. 

Yet  it  is  a  significant  fact  that  out  of  the  125,000  miles  of  rail- 
way in  the  United  States  (1885)  very  little  of  it  is  of  this  charac- 
ter, or  anything  closely  resembling  it.  Absolutely  there  is  a 
large  amount,  no  doubt,  but  comparatively  there  is  very  little, 
and  that  little  shows  a  constant  and  strong  tendency  to  approxi- 
mate to  the  geiieral  standard.  In  spite  of  enormous  differences 
in  traffic  there  may  still  be  said  to  be  a  certain  average  standard 
to  which  the  vast  majority  of  the  roads  approximately  conform, 
or  begin  to  do  so  almost  as  soon  as  the  track  is  laid.  Between 
the  12,000  to  14,000  miles  of  trunk  lines  or  sections  thereof, 
which  mike  nearly  half  the  earnings  and  carry  far  more  than 
half  the  traffic  of  the  country,  and  the  113,000  to  115,000  miles 
which  manage  to  live  on  the  rest  of  it,  or  on  less  than  one  tenth 
as  heavy  an  average  traffic,  there  are  indeed  considerable  dififer- 
ences  of  condition;  yet  the  resemblances — in  rails,  in  ties,  in  bal* 
47 
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last,  in  rolling-stocky  in  alignment — are  still  more  striking,  prov- 
ing almost  to  demonstration  that  the  law  (to  which  there  are  of 
course  exceptions)  is  that  distinctively  light  railways  do  not 
prosper,  or  if  they  prosper,  do  not  stay  light.  We  need  not 
search  far  to  find  some  strong  reasons  why  this  should  be  so, 
and  it  is  well  that  every  one  should  do  so  who  is  concerned  in 
projecting  a  light  line  before  finally  deciding  on  its  details  of 
construction  ;  not  because  so  doing  will  necessarily  induce  him 
to  abandon  his  intention, — very  light  lines  are  often  justifiably 
built,  and  are  the  only  alternative  to  none  at  all, — but  because  it 
is  always  desirable  that  the  consequences  of  an  intended  course 
of  action  should  be  fully  understood  in  advance. 

990.  The  first  and  greatest  question  in  connection  with  alight 
railway  is,  What  weight  of  rails  shall  be  chosen?  This  is  so  for 
two  reasons  :  First,  because  the  rail  is  the  largest  single  item  of 
expense  on  such  a  line,  and  secondly,  because  on  the  weight  of 
rail  hinges  the  character  of  the  rolling-stock,  the  ties,  the  ballast, 
and  so  to  a  greater  or  less  extent  almost  every  other  detail  of  the 
line.  The  rail  question  is  therefore  a  very  fundamental  one, 
which  we  may  well  consider  with  some  care. 

Cutting  down  the  rail  section  is  almost  the  first  point  of  at- 
tack for  a  certain  large  class  of  economists,  much  as  cutting  ten 
percent  off  salaries  is  liable  to  be  at  a  later  period  in  the  history 
of  a  railway.  There  is  probably  no  other  way  in  which  anything 
Jike  as  large  a  saving  can  be  effected  with  so  little  demand  upon 
the  lime  or  thought  or  skill  of  the  manager  ;  nor  does  it  admit 
of  doubt  that  either  or  both  of  these  economies  may  at  times  be 
both  expedient  and  necessary.  Nevertheless,  they  would  not, 
we  may  be  certain,  be  resorted  to  nearly  so  often  as  they  are  if 
the  full  extent  of  the  sacrifice  made  were  realized. 

991«  That  it  is  not  more  fully  realized  as  to  rails  is  probably 
due  in  the  main  to  a  not  unnatural  impression  that  in  buying  rails 
what  one  wants  is  steel  :  That  if  liglit  and  heavy  sections  are 
the  same  price  per  ton,  buying  a  30  lb.  section  instead  of  a  6o>lh. 
is  like  a  poor  and  hungry  man  buying  a  one-pound  loaf  at  five 
cents  instead  of  a  two-pound  loaf  at  ten  cents. 
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This  is  not  at  all  the  case.  In  buying  rails  we  are  not  buying 
steel ;  at  least  we  do  not  care  to  buy  it.  We  are  buying  three  im- 
ponderable qualities:  (l)  STIFFNESS,  (2)  STRENGTH,  (3)  DURABILITY. 

If  we  get  our  money's  worth  of  these  qualities,  it  is  a  matter  of 
complete  indifference  (except  the  future  scrap  value  of  the  steel, 
which  a  poor,  light  trafiic  road  cannot  afford  to  give  niuch  thought 
to)  whether  we  get  much  or  little  of  steel.  If  we  do  not  get  our 
money's  worth  of  what  we  want^  our  bargain  is  just  as  bad,  how* 
ever  much  steel  we  get. 

992.  To  determine  whether  we  do  or  not,  one  must,  unfortu- 
nately, use  an  intelligence  somewhat  higher  than  that  of  a  hay- 
scale.  Any  absolute  measure  of  the  qualities  mentioned  is  es- 
pecially difficult.  Thus,  it  may  be  hardly  necessary  to  say  here 
that  to  estimate  exactly  our  stiffness  and  strength  we  must  de- 
termine the  position  in  the  rail  section.  Fig.  245,  of  two  little 
points  which  lie  at  a  distance  called  the  radius  of  gyration 
from  the  centre  of  the  rail  (meaning  simply  the  points 
where,  if  all  the  steel  in  base  and  head  were  concen- 
trated, it  would  have  the  same  power  to  resist  gyration, 
i.e.,  bending,  as  it  now  has)  and  we  must  then  make  a  pic.  345. 
number  of  other  assumptions  in  regard  to  the  character  of  the 
load  and  support  which  we  well  know  are  not  only  doubtful,  but 
will  not  be  even  approximately  true  in  practice,  unless  by  ac- 
cident. 

But  for  comparative  purposes  all  this  is  unnecessary.  The 
support  given  to  the  rail  from  below  by  the  road-bed  and  ties  may 
be  assumed  the  same  for  any  section  of  rail,  whatever  it  may  be 
absolutely.  We  may  assume  that  any  two  or  more  sections  re- 
quiring to  be  compared  will  be  practically  "similar"  to  each 
other,  i.e.,  with  the  same  proportion  of  base  to  height,  etc.  etc., 
so  that  Fig.  245  may,  by  simply  varying  the  scale,  be  taken  to 
represent  a  section  of  any  weight  from  10  to  100  lbs.  per  yard, 
and  yet  be  tolerably  well  designed  even  for  these  extremes.* 
From    established    mathematical    laws   we  also   know   that  the 


*  It  is  badly  designed  in  having  a  head  flaring  outward  at  the  bottom,  but 
that  is  a  detail  we  need  not  enter  into. 
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weight  will,  under  these  assumptions,  vary  as  breadth  x  height, 
and  that  the  stiffness  will  vary  as  breadth  X  cube  ef  height.  Tliat 
is  to  say,  if  we  multiply  every  dimension  by  two,  we  increase  the 
weight  of  the  section  by  2  X2  =  4.  but  the  stiffness  by  3  Xs*  or, 
3  X  S  =  16  or  2';  in  other  words,  tlie  stiffness  in  that  case  varies 
as  the  fourth  power  of  the  increase  in  linear  dimensions,  whereas 
the  weight  varies  only  as  the  square. 

993.  An  algebraic  demonstration  of  the  simplest  character, 
which  it  is  unnecessary  to  give  here,  would  prove  this  result  to 
be  in  accordance  with  a  general  law — that  the  stiffness  ih  a 

RAIL    VARIES  AS  THE   SQUARE   OF     ITS    WEIGHT    PER   YARJ>.       If    we 

increase  tlie  weight 

10  per  cent,  jo  per  cent,  30  per  cent, 

we  shall  increase  the  stiffness  to 

1. 10'=  i.ai,  1.20'  =  1.44,  1.30'=  1.6", 

or  21  per  cent,  or  44  per  Cent,  or  69  per  cenL 

Mere  formulae  have  a  hazy,  indefinite  sound,  which,  it  is  evi- 
dent from  what  we  see  around  us  (for  these  general  facts  are  well- 
enough  known),  do  not  produce  much  impression  on  the  mind  ;- 
but  let  us  reduce  them,  in  the  accompanying  Table  195,  to  the 
plain,  pr.-iciical  basis  of  how  much  stiffness  we  get  for  a 
DOLLAR  with  light  and  heavy  rails,  and  we  shall  have  some  more 
forcible,  because  more  readily  comprehensible,  evidence  as  to 
why  liglit  rails  are  sooner  or  later  avoided  as  the  plague  by  all 
railways  ;  admitting  the  evident  fact,  that  for  light  lines  especi- 
ally stiffness  is  not  only  by  much  the  most  important  quality  a 
rail  can  have,  but  (as  we  shall  sec  more  fully)  by  much  the  cheap- 
est stability  to  be  had  in  the  market — far  cheaper  than  tamping- 
bar  stability,  which  roads  of  heavier  traffic  can  afford  to  rely  on 
more  extensively.  In  Table  195  a  5o-lb.  rail  is  taken  as  the  unit 
of  comparison,  as  being  about  the  maximum  for  distinctively 
light  railways  and  the  minimum  for  those  of  ordinary  tjrp^  and 
the  cost  of  rails  is  taken  at  the  even  figure  of  $30  per  ton. 
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Table  195. 
Comparative  Amount  and  Cost  of  Stiffness  in  Light  and  Heavy  Rails. 


Weight 

Cost 

Cost 

T 

Comoarative 

Value 

of  Rails. 

Tons 

Per  Mile 

Comparative 
Stiffness. 

Per  Unit 

Lbs. 

Per  Mile. 

Per  Ton. 

of 

Received 

Per  Yard. 

Stiffness. 

forfi. 

lO 

16 

$480 

.<M 

$12,000 

20  cts. 

J5 

24 

720 

.09 

8.000 

30Cts. 

20 

32 

960 

.16 

6.000 

40  cts. 

25 

40 

1,200 

.25 

4.800 

50  cts. 

30 

48 

1.440 

.36 

4,000 

60  cts. 

35 

56 

1.680 

.49 

3.429 

70  cts. 

40 

64 

1,920 

.64 

3.000 

80  cts. 

45 

72 

2.160 

.81 

2,667 

90  cts. 
$1.00 

SO 

80 

2,400 

1.00 

S,400 

55 

83 

2.640 

1. 21 

2.182 

1. 10 

60 

96 

2.880 

1.44 

2.000 

1.20 

65 

104 

3.120 

1.69 

1.846 

1.30 

70 

1X2 

3.360 

1.96 

1.714 

1.40 

75 

120 

3,600 

2.25 

1,600 

1.50 

80 

128 

3.840 

2.56 

1,500 

1.60 

Tons  of  rail  per  mile  taken  at  1.6  tons  per  lb.  per  yard,  allowing  for  a  certain  mini- 
mum of  side  track.     Main  track  only  requires  V*  or  1.571  tons  per  pound  per  yard. 

Comparative  stiffness  (4th  column)  is  as  the  square  of  the  weight  per  yard,  50  lbs. 
being  taken  as  the  limit  of  comparison.  Cost  per  unit  of  stiffness  (5th  column)  is  given 
by  dividing  column  3  by  column  4.  Comparative  value  received  for  $z  (last  column)  is 
given  by  dividing  $2400  by  column  5. 

994.  This  table  should  be  carefully  studied.  It  will  be  seen 
from  it  that  the  ligiiter  the  original  section  of  a  railroad,  the 
more  it  loses  by  using  a  light  section,  because  the  more  would 
be  its  proportionate  gain  from  a  given  increase  in  weight  of  sec- 
tion. The  sacrifice  of  value  in  buying  light  sections  is  precisely 
the  same  as  if  in  buying  rails  we  were,  in  fact  as  well  as  in  form, 
buying  steel  instead  of  stiffness,  and  were  to  choose  light  sec- 
tions in  spite  of  the  following  market  quotations:    . 

Per  ton. 

Steel  in  20-lb.  sections, $75  00 

••          30  •*  "            50  00 

"          40  **  "            37  50 

"          50  "  "       • 30  00 

"          60  "  "            25  00 

"          70  "  "            21  43 

80  "  "            . 18  75 
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Oi,  again,  our  loss  is  the  same  as  if  we  were  offered  a  certain 
amount  of  steel  in  25-lb.  sections  at  $30  per  ton,  but  were  told 
that  if  we  would  take  twice  as  many  tons  in  the  form  of  50-lb. 
sections  We  could  have  ttie  remainder  at  $10  per  ton.  That  is 
precisely  what  we  are  told  in  effect,  as  respects  the  quality  we 
are  really  buying — stiffness — when  we  arc  offered  rails  of  such 
sections  at  a  uniform  price  per  ton. 

995.  The  ultimate  strength  of  rails  is  a  less  important 
quality  than  ihe  stiffness,  because  it  is  never  expected  to  be 
called  fully  into  use.  Nevertheless,  it  often  is  so  called  into  use 
and  even  exceeded,  especially  as  the  rail  wears  out^  and  it  is 
therefore  an  important  quality.  The  strength  is  less  affected  by 
the  weight  of  the  rail  than  the  stiffness;  for,  referring  to  Fig.  345 
once  more,  the  strength  varies  only  as  the  square  of  the  height, 
whereas  the  stiffness  varies  as  the  cube,  both  varying  directly  as 
the  width.     Therefore,  in  a  similar  way  to  that   employed  for 


TABLli  196. 
Comparative  Amount  and  Cost  of  Strength  in  Light  and  Heavy  Rails. 


Wcljfht 
of  Rails. 

Cost  Per  Mile 

at  S30 

Per  Ton. 

Comparative 

Cost 
Per  Unit 

ComparattTe 

Value           '. 

Lbs 

Strength. 

of 

Received 

Per  Yard. 

A    W  A       m  \f  %%  • 

Strength. 

for  $1. 

10 

$480 

.089 

$5,365 

44.7  cts. 

15 

720 

.164 

4.380 

54.8    *•  . 

20 

960 

.253 

3.796 

63.2    " 

25 

1.200 

•354 

3.717 

70.7    " 

30 

1,440 

.465 

3.091 

77.6    " 

35 

1,680 

.586 

2.870 

83.6    •' 

40 

1.920 

.716 

2,684 

89.4    II 

45 

2.160 

.854 

2.530 

loolo  " 

50 

2,400 

1.000 

3,400 

55 

2.640 

I -154 

2.288 

104.9  " 

60 

2.880 

1-314 

2. 191 

109.5  •• 

65 

3.120 

1.482 

2,105 

114. 0    *• 

70 

3.360 

1.656 

2.028 

118. 3    " 

75 

3  600 

^  1.838 

1.959 

122.5    *' 

80 

3.840 

2.024 

1,897 

126.5    •• 

The  different  columns  are  determined  in  substantially  the  same  mannei*  as  in  Table 
195,  except  that  the  third  column  is  as  the  %  power  of  the  weight  per  yard,  taking  so-lbu 
raib  as  the  unit  of  comparison. 
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determining  stiffness,  we  may  determine  that  the  strength  varies 

as  the  square  root  of  the  cube  (or  —  power)  of  the. weight,  and  thus 

obtain  Table  196.     This  table  also  should  be  carefully  studied. 

The  loss  of  strength  obtained  with  Fight  sections  will  be  seen 
from  Table  196  to  be  far  less  striking  than  the  loss  of  stiffness. 
Nevertheless,  it  is  as  if  strength  were  a  ponderable  element,  and 
we  bought  it  in  spite  of  the  following  prices  per  ton: 

Per  ton. 

Rails  of  20-lb.  section, %^^  50 

30  "  "  38  60 

"      40  "  "  32  30 

••      50  "  " 30  00 

"      60  "  " 27  40 

"      70  "  "  25  30 

••      80  "  "  23  70 

If  steel  were  quoted  at  these  prices  per  ton,  it  is  a  tolerably 
safe  hypothesis  that  light  rail-sections  would  not  be  in  much 
favor;  yet  this  is  an  unduly  favorable  showing  even  for  the  item 
of  strength,  for  if  we  were  to  compute  the  comparative  strength 
after  the  sections  have  received  a  certain  fixed  amount  of  wear, 
we  should  find  the  apparent  disadvantage  of  light  sections  as 
given  above  very  much  increased. 

996.  It  is  a  little  difficult  to  determine  a  standard  by  which 
to  measure  durability,  because,  as  a  rule,  light  and  heavy  sec- 
tions are  chosen  for  very  different  duties,  i.e.,  are  approximately 
proportioned,  and  necessarily  must  be,  to  the  kind  of  locomo- 
tives running  over  them,  so  that  no  rational  comparison  can  be 
made  between  the  durability  in  a  10-  or  20-lb.  section  and  that 
in  a  70-  or  80-Ib.  section,  as  there  can  be  in  the  items  of  stiffness 
and  strength.  What  we  can  do,  however,  is  to  compare  each 
section  with  one  5  or  10  lbs.  heavier,  since  there  is  a  rational 
and  practical  choice  between  such  sections,  for  any  one  given 
service. 

Taking  a  rude  yet  tolerably  approximate  average  of  rails  as 
they  are  now  designed  and  chosen,  we  may  say  (i)  that  half  the 
total  weight  is  in  the  head,  and  (2)  that  half,  or  nearly  half,  of 
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the  metal  in  the  head  (or  i  of  the  whole  weight  of  the  rail)  is 
expected  to  be  worn  away  before  the  rail  is  finally  condemned 
as  unsafe,  although  it  may  be  earlier  removed  to  a  less  trying 
location.  That  is  to  say,  a  40-lb.  rail  has  10  lbs.  of  wear  in  it, 
and  a  50-lb.,  i2i  lbs.,  making  their  weight  when  finally  con- 
demned 30  and  37i  lbs.  respectively. 

997.  But  when  comparing  two  rails /st  af^  one  given  service  it  is 
obvious  that  this  is  an  unfair  basis  of  comparison,  since,  what- 
ever the  original  weight  per  yard,  a  rail  for  any  one  given 
seivice  may  be  so  designed  as  to  utilize  most  of  any  additional 
weight  in  wear,  leaving  the  weights  of  the  worn-out  rails  when 
scrapped  nearly  the  same.  This  is,  of  course,  not  fully  possible 
without  using  very  ugly  and  distorted  original  sections,  but  it  is 
at  least  a  moderate  statement  that,  even  if  any  two  rails  of  dif- 
ferent weights  are  designed  precisely  ''similar"  to  each  other  (as, 
s^y,  Fig.  245),  so  that  they  have  the  same  proportion  of  waste 
nsetal  (as  respects  wear)  in  the  base,  yet  the  head  can  in  all 
cases,  in  any  one  given  service,  be  worn  down  to  an  equal  ulti- 
mate weight  before  condemnation,  so  that  a  40-lb.  and  5o-lb. 
vhW  would  compare  as  follows: 

«~Whbn  Nbw.-n  t Wmew  Wosm  Out.         » 

Head.         Base.  Head.         Base.  TotaL 

40-lb.  rail,  ...  20  lbs.     20  lbs.         10  lbs.     20  lbs.        30  lbs. 
50-lb.  rail,  ...  25  lbs.     25  lbs.        10  lbs.     25  lbs.        35  lbs. 

A  50-lb.  rail  worn  down  to  35  lbs.  may  fairly  be  said  to  be  at 
least  as  strong  and  safe  as  a  40-lb.  rail  worn  down  to  30  lbs., 
although  that  is  rather  an  extreme  illustration  as  respects  the 
absolute  amount  of  wear  for  either  of  the  rails  specified;  but  by 
proper  design  it  is  realizable  in  sections  sufficiently  strong  for 
their  duty. 

998.  If,  however,  we  are  practising  the  last  degrree  of  economy 
in  first  cost,  choosing  the  very  lightest  section  which  is  con- 
sistent with  the  duty  laid  upon  it,  as  we  have  already  admitted 
is  sometimes  expedient,  it  is  obvious  that  we  cannot  count  on 
any  such  rate  of  wear  as  that.  Wearing  off  half  the  head  means 
reducing  its  ultimate  strength  by  something  like  45  percent,  and 
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its  stiffness  by  63  to  70  per  cent  (making  merely  a  rough  eistimatr 
of  the  nexv  *'  moments  of  inertia"  and  *'  radius  of  g3Jration" 
necessary  to  determine  it  exactly).  When  we  are  selecting  a 
rail  as  light  as  We  dare,  we  have  no  such  margin  as  that;  yet  W0 
must  assume  some  margin  for  wear,  for  however  light  a  section 
may  be,  it  cannot  be  expected  to  become  unserviceable  as  soon 
as  the  top  is  fairly  polished.  We  may  assume,  perhaps,  that,  in 
such  cases,  a  wear  equal  to  one  fifth  of  the  metal  in  the  head 
is  more  or  less  consciously  contemplated  and  actually  realized. 
With  these  premises,  we  may  determine  in  Table  197  how  much 
durability  we  get  for  a  dollar  with  light  and  heavy  sections,  and 
it  will  be  seen  that — of  all  the  three  qualities  we  are  buying — 
the  worst  sacrifice  by  far  is  in  buying  durability  in  light  sec- 
tions. It  is  as  if  when  buying  rails  we  were  buying  steel  in- 
stead of  durability,  and  chose  the  light  sections  in  the  face  of 
the  following  market  quotations  of  steel: 

Per  ton. 

Steel  in  20-Ib.  sections, $30  00 

Additional  lots  (spot  cash  for  future  deliver}',  as  needed,  at  end 

of  —  years) 2  75 

Steel  in  40-lb.  sections,      • 30  00 

Additional  lots, 2  31 

Steel  in  6o-lb.  sections, 30  00 

Additional  lots, i  76 

Of  course  this  enormous  difference  is  due  not  so  much  to  the 
extraordinary  cheapness  of  the  durability  in  the  heavier  sections 
as  to  the  extraordinary  dearness  of  the  durability  in  the  lighter 
sections.  Still,  if  we  assume  that  we  get  our  money's  worth  out 
of  the  light  sections,  the  comparison  is  a  fair  one.  By  varying 
the  assumed  rates  of  wear,  the  numerical  comparison  will  be 
modified  accordingly,  but  in  no  probable  case  enough  to  make 
the  moral  materially  different. 

999.  Of  course,  too,  it  is  to  be  remembered  that  durability  is 
a  quality  for  future  delivery  (for  light-traffic  roads,  perhaps,  in 
a  very  distant  future),  which  we  pay  down  for  now,  in  cash.  It 
is  therefore  only  the  present  worth  of  this  future  value  which 
we  ought  to  consider.     Still,  this  applies  only  to  the  durability. 
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The  strength  and  stiffness  we  have  use  for  from  the  very  day  the 
rails  are  laid;  and  even  the  present  worth  of  the  extra  durability 
at  the  largest  probable  rate  of  interest  and  the  longest  probable 
life  of  light  rails  is  cheap  indeed  at  the  price  paid  for  it,  as  will 
appear  from  Table  18,  page  82,  or  more  directly  from  the  follow- 
ing Table  198,  which  explains  itself,  and  will  probably  make  it 
very  clear  that  whether  a  new  project  as  a  whole  will  pay  or 
not,  it  is  almost  sure  to  return  a  heavy  profit  on  the  additional 
capital  invested,  obtained  at  any  probable  cost,  to  buy  reasonably 
heavy  rail-sections,  for  the  sake  of  their  durability  alone. 

Table  198. 

Years  of  Weak  wmcH  a  Light  Rail-Section  must  Outlast  befose  the 
Durability  obtainable  by  adding  Five  Lbs.  Per  Yard  to  it  wnx 
Become  a  Losing  Bargain,  costing  more  than  that  of  the  Light 
Section.* 


Weight  of 

Pkesent  Cost 

or  Capital. 

Light  Section. 

LbB.  Per  Yaiti. 

5  per  cent. 

ID  per  cent. 

IS  percent 

ao  per  cent. 

Years. 

Yean. 

Yean. 

Yean. 

20 

4S.O 

230 

IS. 7 

12.0 

30 

49.1 

25.2 

17.2 

13- 1 

40 

52.0 

26.6 

18. 1 

13  9 

SO 

SS'S 

28.4 

19.4 

14.8 

60 

59  I 

29.7 

20.6 

15. 5 

70 

60.3 

30.9 

21. 1 

16. 1 

80 

62.4 

319  , 

21.8 

16.7 

*  For  the  ultimate  value,  U,  of  a  certain  sum  p  invested  at  compound  interest  for  n  yean  at 
f  per  cent,  we  have 

whence  log  l/-k)g />+ log  (i  +  r)  X  », 

•     [ogt/>-log» 

and  .  I»"  -. — ; — ; — r-. 

log  (I  -f  f ) 

Letting  the  numerator  (x)  of  the  vulgar  fractions  in  column  9  of  Table  197  ""^  (the  log  ol 
which  b  o  and  may  be  dropped),  the  denominator  of  the  same  fractions  will  >  U,  and  we  haw 

logfi-lof^oflogl^-1ogoflog(x+f). 


1000.  In  these  facts  we  have  reasons  enough,  and  to  spare, 
why  all  roads  should  tend,  as  they  do  tend,  to  use  what  project- 
ors of  new  roads  call  a  "  heavy  "  rail,  and  think  they  can't  afford. 
It  is  because,  for  a  poor  road  as  well  as  a  rich  one,  the  best  is 
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THE  CHEAPEST,  and  a  poor  road,  even  more  than  a  rich  one,  must 
have  the  cheapest  to  live  at  all.  It  is  because,  with  railways  as 
with  men,  "  the  destruction  of  the  poor  is  their  poverty,"  in  that 
there  are  not  as  many  cents  in  a  poor  man's  dollar  as  in  a  rich 
one's,  because  of  the  bad  bargains  which  his  poverty  drives  him 
to — or  he  thinks  it  does.  While  it  may  still  be  right  to  buy  the 
light  sections,  if  we  must  have  something  and  cannot  pay  more 
it  should  at  least  be  realized  how  great  a  sacrifice  is  made,  hi 
order  to  make  sure  that  there  is  no  other  direction  in  which  « 
less  costly  economy  can  be  exercised. 

Of  course,  as  has  been  already  stated,  there  is  another  side  to 
this  question — a  certatu  legitimate  and  advisable  use  of  light 
rails.  If  a  man  needs  but  three  yards  of  cloth  to  make  a  coat, 
and  only  needs  one  coat,  there  is  no  particular  economy  in 
his  buying  four  yards,  simply  because  he  can  get  it  cheap;  and 
then,  besides,  there  is  always  the  open  question  whether  his  great- 
est need  is  for  a  coat  or  a  pair  of  breeches.  That  part  of  the  ques- 
tion we  may  now  consider.  We  have  merely  found  so  far  that 
if  a  man  is  going  to  buy  a  coat,  there  is  a  fearful  loss  which  a 
p«.H)r  man  cannot  afford  in  buying  one  which  is  too  small  to  fit 
and  too  flimsy  to  wear.  Of  all  directions  for  economy,  cuttjn|{ 
k  ••••n  the  rail-section  is  the  most  costly  in  the  end. 

lOOI.  If  attempted  economies  in  all  other  directions  wete 
•equally  disastrous,  we  should  be  led  directly  to  the  conclusion 
!;hat  it  was  not  worth  while  to  build  light  railways,  and  that  they 
(:ould  never  reasonably  be  expected  to  prosper;  but  such  a  con- 
(:lusion  must  be,  in  part  at  least,  fallacious;  for  there  is  evident 
need  at  n^any  points  for  just  such  lines,  which,  when  built,  di 
prosper,  or  at  least  answer  the  requirements.  Hence  there  musi 
be  certain  directions  in  which,  within  certain  limits,  it  is  expe* 
dient  to  economize  in  their  construction,  and  there  are,  in  fact, 
many  directions  where  economy  does  little  harm.  If  we  exam* 
ine  in  detail  the  cost  of  even  a  moderately  important  line,  we 
shall  find  that  an  enormous  proportion  of  it  is  for  items  which  a 
light,  cheap  railway  either  has  no  use  for  at  all,  or  can  dispense 
with  at  slight  inconvenience*  in  part  or  whole,  or  can  postpone  at 
mi^erate  sacrifice  to  some  indefinite  date  in  the  future. 
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1002.  Terminal  facilities,  for  instance,  are  an  immense  item 
in  the  investment  in  large  railways.  In  the  Buffalo  (N.  Y.)  yards 
alone  there  are  650  miles  of  track  (Table  203),  representing  an  in- 
vestment of  millions.  Station  and  other  buildings  are  other 
large  items,  which  may  be  made  small  on  a  light  road;  but  the 
chief  of  all  directions  in  which  a  rigid  yet  intelligent  economy 
may  be  exercised  to  reduce  largely  the  construction  account  with- 
out undue  effect  upon  earning  capacity  is  in  the  construction  of 
the  road  to  sub-grade. 

1003.  This  is  best  seen  by  considering  how  much  (or  rather 
how  little)  the  cost  of  5  lbs.  per  yard  extra  weight  in  the  rail, 
which  we  may  take  at  the  even  figure  of  $30  per  ton,  or  $240  per 
mile,  will  do  to  construct  the  road  to  sub-grade.  We  have  seeii 
how  very  advantageous  is  the  effect  of  this  expenditure  upon  the 
rail-section.  If  expended  on  grading  and  masonry,  the  same 
amount  will  only  do  the  following: 

Cubic  Yards, 
Eariliwork,  at  20  cents  per  cubic  yard ^       ^   1,200 

Equal  to  a  continuous  fill  5  in.  deep,  or  a  cut  10  ft.  deep  and 

100  ft.  long. 
Rock  cutting,  at  $1 .  50  per  cubic  yard 160 

Equal  to  a  cut  100  ft.  long  and  2.3  ft.  deep. 
Culvert  masonry,  at  $5  per  cubic  yard 48 

Or  one  small  box  culvert. 
Bridge  masonry,  at  $10  per  cubic  yard only  24 

Far  more  than  these  quantities  can  usually  be  saved  by  aban- 
doning the  attempt  to  fit  the  line  for  high  speed  and  long  trains, 
and  judiciously  economizing  in  these  three  ways  :  (i)  By  using 
sharp  curvature;  (2)  by  using  trestling  in  place  of  masonry  and 
heavy  earthwork;  (3)  by  moderate  undulations  of  grade;  to  which 
may  be  added  (4)  sacrifice  of  distance  to  obtain  easy  work,  and 
especially  to  reach  towns. 

1004.  Whatever  conclusion  may  be  just  as  to  the  proper  stand- 
ard OF  CURVATURE  for  liucs  of  fair  traffic,  it  is  certain  that  for  a 
road  to  which  the  last  degree  of  economy  in  first  cost  is  essen- 
tial, and  which  does  not  expect  more  than  a  very  light  traffic,  the 
intelligent  use  of  sharp  curvature  offers  one  of  the  simplest,  most 
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effect: vc.  and  ro3Si  cxpecier.:  ir.tilj.ids  of  ccoDOxnizing  in  first 
cost.  We  have  Sieec  liia:  s-.ikc  liic  ;:::rc»dac:ioii  of  sircl  rails  and 
a-r-brakes  b.»i:-  ibe  optrai.i^c:  r:'s:  £Dd  ::tt  dancer  of  sharp curva- 
:i:rc  aavc  be^r  crciir  d;in.  =  :>:jel.  The  NewYo-k  cieva  led  rail- 
ways  rur  Sor  .'T  tt:--^  trtirs  :f  ::'-;r  rtrs  Ci^'r.  r*er  car  aroond  ihc 
t»;'  r::rT«  s'l.iri:  :c  F*cTl.  re:-;-  w  ::b  r^-fec:  eiiS-e  and  with  only 
a  ^^:*de^a:e  <  .nrkeriri:  ::  speed.  Ar::'r.e'  r-.ijc-i-iised  cnnrc  of 
5r  :;  rad:..s  :*>  ies.—  :*rd  :*r  ivsii*  ^r:  Ir  Tibie  136  full  details 
k  €  iT-^er  :•:  .iber  <h£.-p  r-'ir>  :r.  l.>*  ;-  >:i.ndar-d-gauge  lines, 
:«.r2T2  fr:*:*  i:r  ::  i-f  :':  rid  --.  :  ver  rr.ir.j  ::  wiJch  a  Tery 
TiCLS}  :ri5.  7kfc5'>r5w.  Wr...r  :  e>.f  ex:-e:res  i.'t  :.  i«e  deprecated 
n:'r  are  ::'^'"  "::er  rt-i-ied  .  :  ri  d:  Tr^te  .:  i-  iibsurdity  to 
Si  J  :.r.i :  a  r:;  ei  r  .  ST. :  - :  r*^  j  -  ^  . .  r:.i.  d  rr  ij  r  :  •:  -->e  a '  sosi  a  ny 
r-Tx^i-re  "■h  ri  :ie  r.i.rt  ::  ::>  ':-:e  CiL.>  ::r  :r:  c-rier  to  re- 
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!-  a  :•:  -  -".'7  :fe-  r*:  ir;.  d  ±:-:  :t.  i  e  r*d-;:l:'=  wiiich  can 
c-e  r*£'^^:e■d  :r  :  .5  wi>  :>  vfr*  ■i.-v:^  rirj^v.  ird  ::  wlTi  :a  gen- 
e-^i.  'z<  ::  --  d  :■ .-:  r  :  -i:--5^5  i-  '*i .  ::.: .  . :  ri^:-5  :>  re^^ied  to 
2  le  a  '-  z*  rI:>?"T  i.77'-x  —..-*;  ::  i.  >--:i.:e  \  it^  *-i  ixiiia^  so 
wt'.  '.\aZ  arr  :.r:  rr  "M  ;:  :-  j:  -^i  .5  s  ..  s^ie  but  litiic 
piar.  S?5  .     T   .5  d  5<i    .i-'.i.*:-    >  r^r  .-<5  :*iT  :  i:  c:  I:^t  rafts 

1006.  M:--:.-;'  :  .-  r.f  -  .:  .:-;>:  .\-t  --  be  <:udicd.  it 
«  1  !•;  :  J  -- 1  :J:  i:  r .-:  *  i .\ ? i .\ r ::•.%•  5  ^  5 1  1  ^ ^ ;  i:.  y  : : NsTextr atu> 
AT  ?cxr-ii  ?'::>f7>.  F.u-  :- i  .  ^  :  .:>  ~  —  -. :!  ^*:  :- :ea  miies  in 
i  .,:::--•:.  i-  «  .•:  r  . '5:  ?  :  :;  .v;  .:^?:  >;  . -^:  -  s^r^kiag  the 
.'ii:  d-jgr--;  ::  -•:•:• :  -y  /-  */  ..  .  :.:.£.'  ?.  ;T.r  :^f  1:--?  as  j.  whole 
5  =::.  df:--  1"..  >:  >^'  :->' >  -* ;..!  -.:?.,:  .  >  -.\  ;«  i  rr?  :  rj«:iaed.  A 
Ti-nr:';.-- aivaTtd^-,  .-  j-^.-;-  .•  r  ^":  >  ,::?  ::  ■.  :r  ^iiv;iRLags  of 
50  t^zr.z-rz  z  r^  :y  j-.^'v  :  .  -.i:  .  f  ■>  .  -i:  j:  ..::y  points  Ihc 
*  -rt?  mav  j>5-T::r  1  -':?■-  \^  "v-  .•  v  j-j-ji::--  :  -  z»re<eat  ne- 
L»*>3i  ::'i5.  -w  r. : ".-  r*; :  *  *:   j  : .?  y :  :r- :  ■ ::  .i .:  v     -  _-  -:  ■  ■:;  — rf :::  Ln  the  fu- 

cjr*?,  wh'ir.  lit  ::  t!--i'>  -x  <:  :  >;  ^  >;  I  •  :  :5  tt  lit  the  ne- 
cts-^iui'is  ot  :•::■".  '■'^-  7  v;>^  •:  .»•.•.  :.. :  .  -  j--  7-r.:-r  r-ovided  for 
liida  ::  J  orTrc-.vT!  <:r  .:'.>•  a?  cf  .* ^  <*  •  •  .  -  r^^c' ■--•ns:  which 
did  ci.:c  t:-:::v  :-::^u  -  :f  :>:r  ■  7-':^>^^-''  c^u'-iyc^^  :  :-:u.-^  excellence 
Par.  zS^  ;5'-'^«  i  :i::JLr  «'  ..'>:^  *v:t:. 
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1006.  Here  the  question  of  gauge  naturally  comes  up.  Anniong 
the  many  advantages  which  have  been  so  loosely  claimed  for  the 
narrow-gauge  system,  perhaps  none  has  been  so  insisted  on,  or 
so  affected  the  popular  imagination,  as  this  one  of  being  able  to 
use  sharp  curves  readily  which  were  all  but  impracticable  with 
the  standard  gauge. 

A  few  years  ago,  when  the  first  edition  of  this  treatise  was  is- 
sued, no  discussion  of  the  question  of  light  railways  could  have 
been  adequate  witliout  entering  pretty  fully  into  the  pros  and 
cons  of  the  gauge  question.  This  is  no  longer  necessary.  The 
irresistible  logic  of  events  has  practically  settled  the  question, 
and  the  belief  in  the  narrow-gauge  as  an  expedient  and  defensi- 
ble system  of  construction,  which  was  from  the  beginning 
founded  chiefly  on  illusion  and  delusion,  is  rapidly  passing  away, 
and  all  but  gone.  We  may  therefore  merely  summarize  briefly 
the  leading  points  of  the  question. 

As  respects  curvature,  we  have  already  seen  (pars.  335-6)  that 
while  the  gain  in  curve  resistance  from  a  narrowing  of  gauge 
only,  with  no  other  change,  is  very  slight,  yet  when  the  wheel- 
base  is  reduced  correspondingly  the  curve  resistance  is  probably 
diminished  about  in  proportion  to  the  gauge.  As  this  is  what  is 
usually  done  in  practice,  we  may  consider  it  from  that  point  of 
view. 

1007.  But  the  question  then  arises:  What  is  saved  thereby  ?  If 
it  be  to  increase  the  hauling  capacity  of  engines,  a  very  slight  ad- 
ditional curve  compensation  will  neutralize  the  extra  resistance 
of  the  wider  gauge,  and  we  have  already  seen  (par.  290)  that  any 
radius  which  is  likely  to  be  desired  is  readily  practicable  for 
properly  desie^ned  standard-gauge  engines.  If  it  be  to  save  the 
extra  wear  and  tear  and  loss  of  power,  a  small  reduction  in  an 
item  the  whole  of  which  is  so  small  (Table  115,  page  322)  is  not 
worth  any  considerable  sacrifice,  nor  can  it  be  taken  for  granted 
(nor  is  it  probable)  that  there  is  any  such  reduction. 

1008.  As  respects  rolling-stock,  there  cannot  be  a  question 
tliar.  there  is  absolutely  no  practical  advantage  in  the  narrower 
gauge.    Any  reputable  locomotive-builder  will  contract  to  build 
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one  which  is  alone  of  decisive  importance  is  the  great  loss  from 
not  being  able  to  exchange  traffic  in  bulk,  but  having  to  trans-^ 
ship  all  freight  and  passengers.     The  loss  from  this  is  far  more 
than    its  direct  cost.     The  resulting  inconvenience,  delay,  and 
damage  to  freight  drives  away  much  traffic. 

The  cost  of  maintaining  track  to  a  given  standard  of  exceU 
lence  is  likewise  greater,  the  cost  for  track-labor  being  in  about 
inverse  proportion  to  the  length  of  the  ties.  The  less  bearing 
area  of  the  ties  on  the  ballast  increases  this  disadvantage  ma« 
terially. 

The  maintenance  of  rolling-stock  is  decidedly  more  costly  in 
proportion  to  work  done,  and  the  train  resistance  higher,  because 
of  the  smaller  wheels.  The  speed  is  necessarily  lower,  and  the 
passenger  cars  less  comfortable. 

These  facts  are  now  admitted  by  all  intelligent  managers, 
whether  of  broad  or  narrow  gauge,  and  the  reconstruction  of 
narrow  to  standard-gauge  is  now  going  on  with  great  rapidity, 
Several  thousand  miles  of  narrow-gauge  lines  have  already  been 
changed,  and  it  is  plainly  only  a  matter  of  a  few  years  when  prac- 
tically all  the  remaining  lines  will  be  changed. 

1011.  It  is  often  apologetically  admitted  by  those  otherwise 
opposed  to  the  narrow-gauge  that  for  certain  mountainous  re- 
gions it  is  best  adapted.  This  likewise  is  an  error,  except  for 
such  few  lines  as  are  not  likely  to  either  have  or  desire  traffic 
relations  with  other  roads. 

An  example  is  the  great  system  of  narrow-gauge  lines  in 
Colorado.  The  Denver  &  Rio  Grande  was  projected  in  the 
early  days  of  the  narrow-gauge  movement,  and  did  much  to 
extend  it,  if  indeed  it  may  not  be  said  to  have  been  the  origin  of 
it,  as  it  certainly  was  the  source  of  its  temporary  strength.  It 
is  by  much  the  most  considerable  narrow-gauge  system  in  the 
world,  and  for  many  years  was  a  great  financial  success;  nor  are 
its  later  troubles  to  be  ascribed  primarily  to  its  gauge,  but  to 
bad  ju(lti;ment  in  extensions  and  other  expenditures. 

Nevertheless,  the  success  of  this  line  had  little  or  nothing  to 
do  with  its  gauge,  but  was  due  rather  to  the  fact  that  it  was 
48 
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cheaply  built,  and  was  assured  a  monopoly  of  a  remunerative 
and  growing  traffic  at  very  high  rates — rates  from  three  to 
eight  times  higher  than  were  usual  on  lines  farther  east.  The 
disadvantages  of  a  break  of  gauge  were  likewise  reduced  to  the 
minimum  by  its  location.  Its  narrow-gauge  system  was  com- 
plete in  itself,  and  connected  with  standard-gauge  tracks  at  but 
a  few  points,  where  transshipment  was  often  no  disadvantage. 

Yet  even  under  these  circumstances — the  most  favorable  under 
which  any  large  narrow-gauge  lines  have  ever  been  placed — the 
disadvantages  of  the  gauge  have  proved  so  serious  that  it  is 
now  (1887)  only  the  lack  of  means  which  prevents  the  immediate 
widening  of  the  gauge  on  all  the  more  important  lines.  To  do 
this  involves  little  expense.  The  ties  are  rather  short  for  the 
purpose;  but  the  20°  and  24°  curves  can,  in  the  first  place,  be 
passed  without  difficulty  by  the  standard-gauge  engines,  and,  in 
the  second  place,  the  cost  of  reconstructing  such  curves  as  are 
objectionable,  while  it  may  be  a  considerable  absolute  sum,  will 
be  a  very  trifiing  one  in  proportion  to  the  total  investment,  and 
probably  far  less  than  the  present  yearly  loss  from  the  narrower 
gauge. 

1012.  The  use  of  a  narrower  gauge  to  cheapen  construction 
has  been  proved  by  actual  experience,  therefore,  to  be  in  all  cases 
inexpedient  for  any  road  handling  a  general  traffic,  or  having 
any  reasonable  chance  of  wishing  to  exchange  traffic  with  other 
lines. 

1013.  Returning  to  the  more  hopeful  directions  for  economy: 
the  free  use  of  wooden  trestling  and  the  practical  abandon- 
ment of  the  (immediate)  use  of  masonry  is  another  legitimate 
and  wise  device  for  reducing  first  cost. 

There  are  not  a  few  engineers  who  decry  the  use  of  wooden 
trestles,  nor  can  it  be  denied  that  they  are  often  ill  and  danger- 
ously built,  and  then  neglected  so  long  that  they  become  a  fre- 
quent source  of  accident.  But  when  properly  built  and  properly 
kept  up,  they  furnish  a  safe  and  cheap  method  of  avoiding  or 
postponing  the  more  costly  features  of  construction,  so  that, 
even  for  roads  of  considerable  traffic,  it  is  far  wiser  to  preach 
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the  gospel  of  sound  construction  than  to  decry  their  existence: 
Fortunately,  under  existing  conditions  in  America,  most  of  the 
localities  where  very  light  railways  only  can  be  supported  are 
near  enough  to  local  timber  supply  to  obtain  pine,  hemlock,  or 
other  suitable  trestling  timber  at  very  low  prices;  and  with 
split  stringers,  and  split  sills  and  caps,  it  is  easily  possible  (with- 
out going  into  fuller  details,  which  would  be  inappropriate  in 
this  volume)  to  erect  substantial  structures,  without  mortises,  in 
which  each  individual  stick  is  renewable  in  detail,  and  which 
will  be  as  safe  for  the  passage  of  trains  as  any  bridge,  so  long  as 
they  are  properly  maintained.  The  great  majority  of  the  trestles 
now  erected  in  this  country,  however,  are  ill-designed,  especially 
as  respects  the  floors. 

1014.  At  somewhere  from  10  to  15  feet  of  height  of  fill  such  a 
structure  becomes  cheaper  in  first  cost  than  even  a  plain  earth  fill; 
and  when,  in  addition  to  the  fill,  there  would  have  to  be  a  ma- 
sonry structure,  or  when,  if  it  were  not  for  the  trestle,  the  grade 
would  have  to  be  dropped  or  the  line  swung  in  so  as  to  give  a 
rock  cut  (or  even  a  heavy  earth  cut)  at  each  end  of  it,  the  trestle 
becomes  very  much  cheaper,  and  its  free  use  affords  us  a  solid 
and  safe  roadway  for  immediate  use  which  can  be  continued  in 
the  same  form  indefinitely,  if  poverty  requires  it,  or  which  can 
be  advantageously  and  economically  replaced  by  more  perma- 
nent structures  at  any  time,  using  trains  to  make  the  fills  and 
supply  the  stone. 

1019.  It  is  also  allowable  to  use  wooden  box  culverts,  to  be 
replaced  in  time,  as  they  begin  to  decay,  by  iron'  pipes  placed 
inside  of  them.  Many  great  roads  where  stone  is  scarce  build 
these  in  place  of  open  culverts  or  trestles  as  a  regular  practice, 
and  much  can  be  said  for  It.  No  road,  of  course,  would  use 
wood  for  box  culverts  when  stone  could  be  obtained  at  reason- 
able cost. 

1016.  The  use  of  moderate  undulations  on  gradients  affords 
another  means  by  which  the  first  cost  of  a  line  may  often  be 
largely  reduced,  and  we  have  seen  (par.  397)  that  if  the  track  be 
good  enough  to  stand  a  certain  moderate  increase  of  speed  at 


756   CHAP,   XXII.— LIGHT  HAILS  AND  LIGHT  HAILIVAYS. 

special  points,  it  involves  no  injury  to  the  hauling  capacity  of 
engines.  The  limits  within  which  momentum  can  be  relied  on 
in  this  manner  has  been  already  considered  (par.  441)  and  may, 
when  economy  is  urgent,  be  closely  approached,  as  in  the  in- 
stance of  par.  832,  because,  should  such  undulations  prove  seri- 
ously objectionable,  they  may  be  taken  out  at  any  time.  This 
is  certainly  a  far  wiser  way  of  economizing  than  cutting  down 
the  rail  so  ligiit  tliat  it  will  barely  carry  the  engine,  as  is  often 
done. 

1017.  Finally,  one  remaining  device  will  complete  all  that  is 
possible,  or  probably  necessary,  in  the  way  of  reducing  the  first 
cost  of  the  road-bed.  A  great  deal  of  money  is  spent  by  many 
roads  which  can  ill  afford  the  luxury  in  getting  a  short  line.  In 
the  light  of  the  facts  brought  out  in  Chap.  VII.  it  is  unquestion- 
able that,  however  it  may  be  with  roads  of  large  or  of  fair  traffic, 
a  cheap  light-traffic  railway  which  spends  money  to  get  a  short 
line  is  burning  its  candle  at  both  ends,  and  the  engineer  of  such 
a  line  cannot  too  carefully  remember  that,  although  on  the  one 
hand  its  length  may  be  the  ruin  of  it,  because  it  has  to  operate 
it,  yet  on  the  other  hand  it  is  its  salvation,  because  its  revenue 
depends  on  it. 

1018.  Especially  is  this  true  when,  in  choosing  the  easiest 
line  regardless  of  distance,  we  not  only  obtain  an  easier  line  to 
construct,  but  one  which  will  take  us  nearer  to  the  various 
SOURCES  OF  TRAFFIC.  However  it  may  be  with  lines  of  larger 
traffic,  a  poor  railway  certainly  cannot  afford  to  pass  by  on  the 
other  side  even  quite  small  traffic  points  which,  by  going  nearer 
to  them,  will  add  a  little  more  traffic  to  the  slender  aggregate; 
not  only  because  every  little  helps,  but  because  the  revenue  per 
head  of  that  population  is  also  smaller,  as  we  have  seen  in  the 
preceding  chapter. 

1019.  The  truths  which  have  been  stated  are  not  to  be  taken 
**  neat,"  nor  recklessly  twisted  to  mean  more  than  has  been  said; 
as,  for  instance,  that  it  is  ever  expedient  to  lengthen  a  line  merely 
for  the  sake  of  lengthening  it,  or  that  it  is  not  worth  while  to  try 
to  avoid  curvature,  or  that  wooden  trestles  are  as  good  as  per- 
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manent  works.  It  has  been  merely  intended  to  show  that,  for  a 
road  which  must  practise  the  last  degree  of  economy. and  which 
has  little  more  than  a  turnpike  traffic,  the  construction  of  thb 
ROAD  TO  SUB-GRADE  is  the  proper  place,  and  the  most  hopeful 
place,  for  "cutting  to  the  bone,"  because  an  amount  sufficient 
to  give  a  decently  solid  superstructure  can  usually  be  saved  out 
of  the  first  construction  with  far  less  risk  of  injury  and  loss. 
This  is  apparent  from  Table  199,  showing  the  percentages  of 


Table  199. 

Showing  the  Percentage  of  Cost  to  Sub-Gradb  on  Various  Items  of 

Construction  on  Various  Lines. 


I. 

IL 

in. 

IV. 

V. 

Length,  miles 

Total  cost  per  mile.. . 
Clearing 

60 

•5.073 
2.1 

71.0 

•  •  •  • 

»  •  •  • 

•  •  •  • 
•  •  « 

14.3 
12.6 

.... 

100 

•7.490 

...» 

61.9 

.  .  •  • 

6.1 

13.7 
2.0 

II. 7 
4.6 

. .  •  • 

14.5 
•18.260 
0.2 
51.0 

7.5 
II. 0 

13.5 
1.2 

9.1 
6.5 

•   a   .    . 

46 
•18.920 
2.0 

35.1 

.... 

.... 
5.8 
12.4 
31.8 
12.9 
.... 

^  15 

•83.854 

Bridtrini; 

25.7 

50.3 

5.4 

9.8 

.  •  • . 
. .  • . 

7.3 

Trestling.  etc 

Fencing,  etc 

Tunnel 

100. 0 

100. 0 

100. 0 

100. 0 

lOO.O 

Character  of  Lines: 

I.  Chiefly  light,  with  sections  of  heavy  grading ;  no  stone-work. 

II.  Moderately  light  grading,  with  sections  of  heavy;  many  structures. 

III.  Side-hill  line,  no  surface  work ;  very  numerous  structures. 

IV.  Light  surface  grading,  two  costly  bridges  only  ;  much  high  trestling. 
V.  One  of  the  costliest  sections  of  mountain  line  in  the  United  States. 

The  relative  cost  of  another  light  Western  road,  several  hundred  miks  long,  was 
divided  as  follows,  including  all  items,  and  not  those  to  sub-grade  only  : 


Enfifineerinfir     

Gradinf?.  including  tunnelling. 

Bridge  masonry 

Culvert  masonry. 


•Temporary  trestlinc^  

Superstructure,  bridflres  and  trestles  .... 
Ballast,  and  settlinsr  of  embankments. . . 

DressinfiT  up  road-bed  after  winter 

Rif^ht  of  way.  fencing,  cattle-guards  and 

ro^d-crossinifs    

Rails  and  track-laying^,  complete 


p.  c. 

23.6 
S6 
a-5 
I.I 

4.5 
3-7 
«-7 

1.9 
17.9 


p.  C. 

Cross-ties  (very  small) a. 5 

Engine-houses,    shopis,  stations,  water 

supply,  pumps,  etc 6.9 

Locomotives  and  cars  10.9 

Interest  on  bonds  to  opening 5.8 

Discount  on  bonds 7.7 

Taxes  to  opening o.t 

Office  expenses,  salaries,  etc.,  to  open- 

ingofline  — 1.7 

Incidental  to  opening  of  line 0.3 

Total  to  opening  of  line 100. o 
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the  cost  to  sub-grade  of  various  items  on  different  railroads,  all 
of  them  of  comparatively  light  (although  not  the  lightest)  traffic, 
and  varying  in  character  of  work  from  moderately  light  to  the 
very  heaviest.  The  prices  on  all  of  them  were  from  25  to  40  per 
cent  higher  than  now  (1886)  obtain,  under  favorable  conditions; 
but  in  each  case  alike  it  will  be  seen  how  much  less  injury  a  sav- 
ing of  $240  per  mile  in  some  or  all  of  the  items  given  would 
probably  have  done  to  the  road  than  if  5  lbs.  per  yard  were  cut 
off  the  rail-section. 

1020.  Notiiing  has  been  said  so  far  about  gradients,  because 
a  very  light  traffic  road  cannot  afford  to  spend  money  to  obtain 
more  favorable  gradients  than  careful  study  of  the  country  will 
afford  at  the  minimum  cost,  which  (par.  894)  will  generally  be 
quite  reasonably  favorable.  At  any  rate,  while  the  temptation 
for  the  locating  engineer  to  magnify  his  office  may  be  great, 
until  provision  has  first  been  made  for  a  reasonably  substantial 
and  well-maintained  track,  it  may  be  taken  as  a  tolerably  safe 
general  rule,  that  the  same  amount  of  money  expended  on  track 
will  add  far  more  to  the  hauling  capacity  of  the  line  than  if  ex- 
pended to  reduce  gradients. 

1021.  Cutting  the  work  down  in  the  various  ways  suggested, 
with  due  care  to  do  the  minimum  of  injury  to  its  efficiency, $3000 
to  $5000  per  mile  may  be  made  to  grade  a  very  light  railway 
llirough  tolerably  broken   country,  and  this,  of  course,  under  fa- 

orable  circumstances,  may  be  reduced  much  lower.  For  such 
lines,  intelligently  planned,  there  is  and  will  probably  always  be 
a  very  wide  field.  The  trouble  is  that  the  economy  is  too  often 
given  a  wrong  direction,  and  the  item  which  is  ordinarily  the 
first  attacked — the  rail-section — is  one  of  the  last  of  all  to  attempt 
to  economize  in. 

1022.  This  may,  perhaps,  be  made  still  clearer  if  we  revert  to  the  rail 
question  for  a  moment  to  consider  a  little  more  exactly  the  RELATIONS 
OF  RAIL  TO  TRACK-LABOR.  Where  is  money  for  improving  track  best 
expended — in  increasing  the  rail-section  or  in  more  track-labor?  The 
stiffer  the  rail  the  less  perfect  need  be  the  supports  of  the  road-bed  for 
equal  excellence;  but  it  is  sometimes  claimed  that  this  needed  support 
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can  be  more  cheaply  obtained  by  putting  a  little  more  work  into  the  sur* 
facing,  especially  when  extreme  economy  in  first  cost  seems  necessary. 
It  hardly  needs  more  than  a  few  contrasting  figures  to  see  that  this  is 
more  an  impression  than  a  well-founded  belief. 

1023.  To  increase  the  weight  of  rail  10  lbs.  per  yard  requires,  in  round 
numbers,  16  tons  per  mile,  costing,  at  the  even  figure  of  $30  per  ton,  $480 
per  mile,  the  interest  on  which  is. 

At  5  per  cent.  At  10  per  cent,  At  ao  per  cent, 

$24.00.  $48.00.  $96.oa 

£qual  to  a  cost  in  cents  per  train-mile,  assuming  various  numbers  of 
trains  per  day  each  way,  of 

/— — Cbnts  p««  Tkaim^Milk  » 

At  5  p.  c.  At  10  p.  c.  At  ao  p.  c 

1  train  per  day 3.39  6.58  13.16 

2  "         ••  1.64  329  6.58 

10    ••         **  0.33  0.66  1.3a 

20    **         **  0.16  0.33.  0.66 

1024.  The  common  expenditure  on  raising  and  surfacing,  ballast.  etc.» 
is  about  10  cents  per  train-mile,  as  an  average,  and  from  that  to  15  or  18 
cents  per  train-mile  on  roads  of  very  light  traffic  *  and  contrasting  this 
sum  with  the  figures  above,  we  see  at  once  that  on  a  road  of  any  consid- 
erable traffic,  which  is  a  kind  of  road  we  are  not  now  considering,  the 
stability  gained  by  adding  10  lbs.  per  yard  to  the  weight  of  a  rail  would 
give  far  more  for  the  money  invested,  at  any  probable  rate  of  interest, 
than  the  expenditure  of  an  equivalent  sum  annually  on  additional  track- 
labor  for  lining  and  surfacing.  On  a  road  running  20  trains  per  day, 
even  if  it  cannot  get  money  at  less  than  10  per  cent,  the  interest  charge 
of  I48  per  year  per  mile  amounts  to  but  0.33  cents  per  train-mile.  There- 
fore the  extra  5  lbs.  per  yard  has  only  to  save  less  than  3i  per  cent  of 
track-labor  to  be  a  playing  investment.  It  is  unquestionable  that  far 
more  than  that  might  be  saved,  and  yet  maintain  equal  condition,  even 
when  the  rail  was  a  tolerably  heavy  one. 

1029.  As  respects  the  extreme  of  light-traffic  roads,  especially  those 
built  at  great  cost  for  capital,  it  must  be  admitted  that  the  case  is  not  so 
clear  as  that.  In  fact,  for  the  extreme  of  thin  traffic  and  scant  capital, 
say  one  train  per  day  and  20  per  cent  cost  of  capital,  it  seems  at  first  sight 
clear  that  it  will  not  pay  to  increase  the  rail-section  beyond  what  safety 
requires,  as  the  cost  of  interest  on  even  5  lbs.  per  yard  extra  weight  of 
rail  will  in  that  case  be  6.58  cents  per  train-mile. 
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1026.  But,  premising  that  this  extreme  case  can  tMit  nrely  be  ap- 
proached in  practice, — because  (i )  there  are  few  even  of  the  lightest-traffic 
roads  which  do  not  run  more  than  one  train  each  way  per  dajr;  and  (2) 
few  roads  are  so  poor  that,  if  the  case  is  properly  presented,  they  cannot 
raise  a  mofJeratc  additional  caipit A  for  betterments  which,  whatever  the 
profit  on  the  enterprise  as  a  whole,  will  return  20  per  cent  profit  on  their 
own  separate  cost, — it  may  be  reasonably  maintained  from  the  result  of 
experience  that  even  in  this  extreme  case  the  extra  weight  of  rail  is  the 
licst  use  which  ain  be  made  of  the  money.  The  very  least  which  can 
pfiHsibly  hi',  spent  on  mere  track-surfacing  and  maintenance  (par.  124)  to 
keep  it  in  fairly  safe  condition  for  the  passage  of  one  train  per  day,  is 
from  8100  to  $125  (>er  mile,  with  $80  to  $100  additional  forties,  or,  say. 
t2oo  in  all,  excluding  perhaps  $100  more  for  yards  and  miscellaneous. 
The  cost  of  the  5  U>s.  per  yard  extra  weight,  even  at  20  per  cent  interest 
on  capital,  is  only  $48  per  year,  for  which  slight  increase  of  one  fifth  or 
one  sixth  in  the  interest  charge  on  rails  we  have  just  seen  (Tables  195, 
196.  197)  that  wc  obtain  an  average  increase,  in  a  very  light  rail,  of  fully 
50  |>er  cent  in  the  three  elements  of  strength,  stiffness,  and  durability. 
(iranting  a  road  to  be  so  poor  that  no  increase  whatever  in  total  charges 
<:an  l)c  borne  for  any  betterment,  however  great,  beyond  absolute  neces- 
sities, is  it  certain  that  so  great  a  difference  in  the  stability  of  the  rail 
will  not  enable  one  fourth  of  ihe  otherwise  minimum  track  expenditure 
to  be  saved,  while  yet  leaving  the  track  as  safe  and  good  as  before  ?  It 
is  fairly  even  balance,  indeed,  under  this  extreme  supposition.  Unless 
the  rails  were  very  light  indeed,  it  probably  would  not  i>ay  to  increase 
their  weight ;  but  it  is  difficult  to  escape  from  the  conclusion  that  under 
any  ordinary  conditions,  with  the  lightest  traffic,  it  plainly  will  pay  to 
use  a  tolerably  heavy  rail  before  relying  on  track-labor  to  make  up  by 
b<!tter  surfacing  for  its  deficiency  of  strength,  simply  to  save  a  slight  ad- 
ditional investment  of  capital. 

1027.  If  so,  then  as  the  traffic  increases  up  to  a  comfortable  average, 
as  to  six  or  eij;ht  or  ten  trains  each  way  per  day,  there  becomes  plainly 
an  immense  economy  in  using  heavy  rails  to  save  track-labor,  so  much 
so  as  to  indiaite  strongly  that  the  very  curious  similarity  in  weight  of 
rails  used  on  all  roads  in  this  country  above  the  poorest  class,  despite  the 
great  difference  in  volume  of  traffic,  is  due,  not  so  much  to  the  use  of  too 
heavy  rails  on  light-traffic  roads,  as  the  use  of  far  too  light  rails  for  true 
economy  on  our  more  important  lines,  as,  for  instance,  60-  or  65-lb.  rails 
on  trunk  lines  which  would  be  acting  more  wisely  to  use  80-  or  90-  or 
loo-lb.  rails.     The  difference  is,  however,  that  such  lines  are  rich  enough 
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to  stand  tlie  resulting  loss,  whereas  a  poor  road  which  permits  its  poverty 
to  destroy  it  by  buying  an  over-light  rail,  cannot.  Some  of  our  more 
prosperous  lines  have  recently  begun  to  break  through  this  rule  by  using 
what  are  now  called  very  heavy  rails,  but  the  exceptions  are  not  yet  so 
numerous  as  to  do  more  than  prove  the  rule.  It  is  in  every  way  prob- 
able that  with  111  a  few  years  80-lb.  or  90-lb.  rails  will  be  the  rule,  and 
lighter  rails  the  exception.  The  inertia  from  past  precedents,  which 
have  come  down  to  us  from  the  days  when  rails  were  several  times  more 
costly  than  now.  will  in  time  be  overcome. 

1028.  We  are,  therefore,  again  and  more  strongly  driven  to 
the  conclusion,  that  the  one  thing  on  which  it  is  dangerous  to 
economize  is  the  item  which  is  often  cut  down  first  of  all — the 
weight  of  rail.  On  the  other  hand,  we  are  led  to  these  conclu- 
sions as  respects  the  details  of  alignment: 

1.  As  respects  the  minor  details,  distance,  curvature,  and  rise 
and  fall,  their  effects  to  increase  expenses  are  at  best  small,  and 
when  the  traffic  is  very  light  become  very  small.  They  are, 
therefore,  one  of  the  first  directions  in  which  close  economy  is 
warrantable  for  very  light  roads. 

2.  In  less  degree  the  same  is  true  of  ruling  grades.  Much 
increase  of  expenditure  to  obtain  lower  grades  than  a  careful 
study  of  the  ground  shows  to  be  possible  at  a  minimum  expense 
is  not  warrantable. 

3.  Both  the  above  conclusions  are  especially  true  when  the 
objectionable  details  may  be  readily  corrected  later,  when  and  if 
the  traffic  warrants  it. 

4.  Temporary  wooden  structures  to  decrease  the  immediate 
outlay  are  the  next  most  judicious  direction  for  economy. 

5.  Economies  which  decrease  the  stability  of  the  permanent 
way  are  the  most  objectionable  of  all. 

6.  Sources  of  local  traffic  which  can  be  reached  by  any  rea- 
sonable sacrifice  should  in  no  case  be  neglected. 
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reasonably  certain  that  a  double  track  will  be  needed  in  the  near 
future,  all  masonry  structures  may  be  built  at  once  for  double 
track,  which  will  involve  but  a  small  addition  to  the  total  cost  of 
the  road — ordinarily  not  over  five  per  cent,  and  often  much  less. 
If  it  appear  still  more  certain  that  a  double  track  will  be  speed- 
ily needed,  even  the  grading  may  be  done  in  the  first  instance 
for  double  track,  and  grading  and  masonry  together  will  not  or- 
dinarily increase  the  immediate  capital  required  more  than  10 
to  15  per  cent. 

But  as  both  the  grading  and  masonry  for  double  track  can 
ordinarily  be  done  to  somewhat  better  advantage,  on  the  whole, 
after  the  track  is  laid  than  before,  the  expediency  of  doing  even 
tiiis  much  immediate  work  to  provide  for  the  future  is  question- 
able, unless  the  financial  condition  of  the  line  is  very  strong;  and 
the  following  items  for  double  tracking,  at  least,  can  always  be 
postponed  to  advantage  till  the  line  is  opened, — even  if  it  is  fully 
expected  to  immediately  proceed  with  double  tracking,  and 
funds  for  it  appear  to  be  certain, — viz.,  the  bridging,  ties,  rails, 
and  ballasting. 

1033.  I"  IRON  BRIDGING  there  is  not,  contrary  to  what  is  gen* 
erally  imagined,  any  economy  worth  taking  the  slightest  chance 
for,  in  building  double-track  bridges  instead  of  two  parallel 
single-track  bridges.  The  weight  of  a  double-track  bridge  is 
increased  about  90  per  cent  over  a  single-track  bridge  of  the 
same  span,  and  for  the  same  live  load ;  and  although  the  cost  of 
the  structure  is  not  increased  in  quite  the  same  proportion,  yet 
when  we  take  into  consideration  (i)  even  a  year  or  two's  interest 
at  ordinary  cost  of  capital ;  and  (2)  the  depreciation  and  possi- 
ble great  need  of  the  invested  capital  in  the  dark  days  of  the 
first  operation,  the  petty  saving  is  not  to  be  considered  in  com- 
parison. 

There  is  also  a  certain  considerable  operating  advantage  ^n 
having  independent  bridge-spans  for  each  track,  although  the 
single  structure  is  unquestionably  the  most  pleasing  to  the  eye. 
An  accident  to  one  structure  leaves  the  other  one  available. 

The  superstructure  of  the  double  track  complete,  on  a  line 
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quirements,  either  the  rails  or  ties  or  tamping,  and  may  be 
cured,  in  part  or  whole,  by  spending  more  money  on  either  one 
of  them.  Assuming  as  a  standard  of  comparison  a  6x8  in.  tie  8 
ft.  long,  spaced  2  ft.  apart,  or  2640  per  mile,  the  following  com- 
binations of  spacing  and  width  will  afford  an  equal  bearing-sur- 
face of  ties  on  the  road-bed  and  of  rails,  but  will  be  seen  to 
afford  a  very  unequal  support  to  the  rail : 

Tics  per  mile 2,640  3.000  3,168  3.520 

Distance  apart,  centre  to  centre 24  in.  21.12  in.  20       in.  18  in. 

Average  width  of  face 8  in.  7.04  in.  6.67  in.  6  in. 

Clear  space,  tic  to  tie 16  in.  14.08  in.  13.33  in.  12  in. 

Comparative  stiffness  of  same  rail  for 

each  span i.oo  1.47  1.73  2.37 

Comparative  weight  of  rail  to  give  same 

siitlness i.ooo  0.82$  0.761  0.650 

The  method  of  determining  the  comparative  stiffness  and 
comparative  weight  of  rail  in  the  last  two  lines  is  the  same  as 
used  in  par.  992  for  rails,  and  need  not  be  repeated.  Whether 
we  compute  the  comparative  stiffness  of  the  rails  for  spans  from 
centre  to  centre  of  ties,  or  for  one  clear  span  between  ties,  or  for 
spans  omitting  one  tie,  as  in  Fig.  250,  the  result  is  the  same,  al- 
though the  absolute  stiffness  will  of  course  vary  greatly. 

1045,  Taking  the  extremes  of  the  table  above,  we  see  that  the 
addition  of  880  ties,  or  one  third  increase,  gives  so  much  addi- 
tional support  to  the  rail  that  (assuming  the  support  to  each  tie 
to  be  the  same)  a  rail  only  two  thirds  as  heavy  will  distribute 
the  load  as  well  from  tie  to  tie.  Not  forgetting  that  stiffness  is 
only  one  of  the  three  qualities  in  a  rail  which  are  gained  by  in- 
creasing its  weight,  this  great  difference  still  indicates  that  in- 
creasing; the  number  of  ties  to  the  extent  of  practical  possibility 
(their  dimensions  remaining  the  same)  adds  much  more  to  the 
aggregate  stiffness  of  the  track  than  the  same  amount  spent  on 
rails ;  as  thus: 

The  cost  of  880  more  cross-ties  per  mile,  more  than  doubling 
the  stiffness  of  the  same  rail,  amounts — 

At  25  cents,  to  $220  =    7.14  tons  rails  at  $30  =  4.5  lbs.  per  yard. 
"30     •*        "    264=   8.80    *•       "        "      =5.5    "      " 
"40     '•        "    352  =  11.73    "       '*        "      =7.3    '*      •'      " 
"50     "        "    440  =  14.67    "       ••        "      =9.1   " 
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Comparing  this  with  the  figures  in  Table  196,  giving  the 
comparative  stiffness  of  light  and  heavy  rails,  we  have  the  fol- 
lowing comparison  for  various  light  rails — for  which  rails  only 
the  comparison  is  at  all  close: 

Original  weic^lit  of  rail 20  lbs.        35  lbs.        50  lbs. 

Stiffness  in  do.  taken  as 1.00  i.oo  i.oo 

Adding  4.5  lbs.  per  yard  (=  cost  of  880  ties 
at  25  cents  each,  as  above)  makes  stiff- 
ness       1. 51  1.27  1. 19 

Adding  9.1  lbs.  per  yard  (=  cost  of  880  ties 

at  50  cents  each)  makes  stiffness    .    .     .     2.12  1.57  1.40 

Whereas  the  same  sum  spent  on  ties  in- 
creases the  stiffness,  as  above,  to ....  2.37 

1046.  While  the  addition  of  so  large  a  number  of  ties,  without 
decreasing  their  width,  can  rarely  be  practicable,  and  while  the 
comparison  is  not  strictly  exact  for  other  reasons,  this  does  indi- 
cate clearly  the  general  fact,  that  increasing  the  number  of  ties 
to  the  limit  of  convenience  is  a  cheaper  way  of  increasing  sta- 
bility than  increasing  the  rail-section,  even  for  very  light  rails. 
On  the  other  hand,  the  total  stability  which  is  obtainable  from 
ties  is  limited  by  the  number  which  it  is  possible  to  use,  so  that 
what  these  figures  in  fact  indicate  is  that,  in  endeavoring  to  get 
the  utmost  stability  at  the  least  cost,  the  first  essential  is  to  use 
ties  as  freely  as  is  possible,  and  the  next  essential  is  to  decide 
between  a  heavier  rail  and  more  tamping  to  supply  the  deficit. 

1047.  The  physical  limit  to  the  increase  in  number  of  ties,  of 
ordinary  standard  width,  is  probably  2800  per  mile;  but  if,  as  in 
the  first  table  above,  we  consider  the  width  of  the  ties  to  be  di- 
minished as  their  number  is  increased,  this  limit  is  considerably 
higher.  There  are  quite  a  number  of  roads  in  the  United  States 
which  use  3100  to  3300  narrow  ties  per  mile  with  very  satisfac- 
tory results.  Remembering  that  the  stiffness  of  a  rail  decreases 
as  the  cube  of  the  span,  it  is  obvious  that  by  dividing  up  the 
bearing-surface  among  a  greater  number  of  ties,  so  that  the  ag- 
gregate area  remains  the  same,  we  measurably  obtain  two  desir- 
able ends  at  once — we  give  much  more  effectual  support  to  a 
weak  rail,  and  we  in  general  reduce,  instead  of  increasing,  the 
total  cost  of  ties,  since  the  cost  of  ties  will  usuallv  increase  faster 
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1036.  The  fourth  least  objectionable  economy,  but  one  which, 
like  ihe  preceding,  from  its  coming  among  the  first  in  order  of 
time,  is  apt  to  be  one  of  the  last  practised,  is  the  adoption  as  a 
standard,  for  the  entire  line,  of  a  systematic  economy  (in  money, 
but  not  in  time  or  care)  in  respect  to  the  minor  details  of  align- 
ment. Tlie  pros  and  cons  of  this  question  have  been  discussed 
so  fully  in  the  preceding  chapter  that  we  need  not  further  en- 
large upon  it. 

In  these  four  ways  (with  which  perhaps  the  USE  OF  timber 
STRUCTURES,  sucli  as  are  shown  in  Fig.  249,  might  make  a  fifth) 
a  very  large  economy  may  be  practised  which  will  almost  assure 
that  any  project  with  any  merit  whatever  will  be  so  little  bur- 
dened by  its  capital  account  that  it  will  be  able  to  live  on  what  it 
can  get  to  live  on,  even  if,  as  it  usually  is,  it  is  far  below  its  ex- 
pectations. 

1037«  Bep:inning  now  at  the  other  end  of  the  question,  the 
most  objectionable  of  all  ways  of  economizing  is  much  the  com- 
monest of  ail,  for  reasons  already  sufficiently  discussed  in  Chap. 
III.,  omitting  to  go  into,  as  well  as  to,  the  terminal  cities,  and 
other  important  traffic  points  on  the  line.  This  error  very  largely 
arises  from  the  fact  that  it  is  an  expenditure  which  comes  late  in 
tlie  liistorv  of  construction,  or  can  be  made  to  do  so. 

Probably  the  next  most  serious  injury  which  can  happen  to  a 
line  is  neglect  to  secure  best  possible  ruling  grades,  but  this 
more  often  happens  from  a  lack  of  care  and  skill  than  from  a  de- 
sire to  economize,  since  the  expenditure  is  incurred  early  in  the 
history  of  construction  and  the  importance  of  favorable  grades  is 
more  generally  understood  than  the  best  manner  of  securing  them. 

1038.  Barring  this  error,  the  next  worst  form  of  economy 
which  can  afflict  a  line  is  what  is  more  emphatically  than  ele- 
gantly called  a  "cheap  and  nasty"  style  of  construction:    Light 

RAILS,  POOR  TIES,  THIN  BALLAST,  NARROW  ROAD-BEDS,  POOR  MA- 
SONRY, and  LIGHT  BRIDGES.  These  defects  really  save  but  little 
money,  while  the  expense  and  the  bad  name  which  has  resulted 
from  them  have  sapped  the  life  of  many  a  line.  It  is  far  better 
to  economize  closely  in  all  the  details  of  location  but  the  grades. 
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ftnd  sometimes  even  in  the  grades  ihemseli-es,  than  to  do  \\\\-» 
T!ic  difference  between  a  thoroughly  adequate  and  solid  road 
L-fd,  and  us  inferior  a  one  as  it  will  seem  possible  to  tolerate,  will 


rarely  be  more  than  $2000  to  J3000  per  mile;  and  on  work  at  all 
heavy  it  is  not  difficult  to  save  that  sum  by  economizing  in  loca- 
tion, using  temporary  but  solid  wooden  structures,  and  the  other 
expedients  noted  above.  -  These  latter  economies  will  not  add 
*  This  engine  is  iioi  properly  a  mugul,  bui  a  ten-wheel  engine. 
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materially  to  expenses  during  the  first  ten  or  fifteen  years  on 
operation,  whereas  a  poor  and  flimsy  superstructure  entails  a 
large  and  constant  addition  to  maintenance  expenses. 

1039.  The  loss  whicii  results  from  light  bridges  is  propor- 
tionately quite  as  great  as  from  liglit  rails,  as  is  made  evi- 
dent enough,  witliout  further  discussion,  from  Figs.  247-8  and 
Table  200.  The  proportionate  loss  from  poor  masonry  is  even 
greater.  U  is  far  better  to  put  up  temporary  wooden  structures 
altogether,  than  to  put  up  such  flimsy  masonry  as  is  often  built. 
That  so  very  large  a  part  of  the  masonry  put  up  on  new  Ameri- 

« 

Table  200. 

Comparative  Weight  and  Cost  of   Bridges,  taking   Bridges  of  "T** 
(Typical  Consolidation)  Type,  Fig.  249.  as  Unit. 


Class  op  Load. 
(Fijj.  <49.) 


Minor  Spans  of— 


30  ft. 


T 
C 
M 


100 

98.74 
97-73 


50  ft. 


xoo 

98.05 
96.47 


Soft. 


100 
97.10 
94.56 


104  ft 


100 

9633 
93-^6 


150  fu 


100 
94.98 
90  75 


aoi^ft. 


100 
94.00 
88.61 


N (Uniform  at  75  00). 


Largkr  Spans 


20 1^  ft. 

320  Fkkt. 

420  FUET. 

516  Feet. 

Iron. 

Steel. 

Iron. 

Steel. 

Iron. 

Steel. 

T 

c 

100 

93  34 

100 
91. II 

TOO 
89.55 

100 
88.77 

100 
89.55 

100 
88. ax 

100 
89  55 

The  above  shows  at  a  glance  that  the  effect  of  rolling  load  on  weight  oi  bridges  is 
small,  and  the  followinj;  will  perhaps  more  fully  show  how  petty  is  the  economy . 


For  enjfinc*  wcighins:  ^toni) 

Or  in  the  proportion  of 

And  for  »  load  behind  engine,  per  foot  of  (lbs.) 
Or  m  the  proportion  of      . 


Typical 
Cons'n. 


86  o 
100. 

3.000 
too 


Consolida- 
tion. 


80.07 
93-8 
a.  240 
85  4 


MoguL 


138  o 
80  » 

X.830 

73.0 
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Table  200. — Continued, 


Giving  a  Iom  percent  in  rolling  load  over  the  strongest 
type  of  bridge  of  

The  saving  per  cent  in  weight  (not  cost)  of  bridge  is 
only  —  for  spans  of 


P^CenL 

S9.9 

•70 
•••7 
3-53 

IX 

11.39 


Beyond  these  spans  the  comparative  difference  becomes  greater,  so  that  we  have  for 
the  difference  between  a  rolling  load  of  the  *'  typical "  and  ordinary  Consolidation  type 
(neglecting  the  Mogul  type)  the  following  : 


SOX^ft. 

Forspansof \    3~ 

516 


4* 


Iron. 

6.66 

8.89 

10.33 

11.79 


StceL 

•  •  •  • 

10.45 
10.45 
10.45 


Thus  even  the  largest  spans  do  not  increase  in  weight  as  fast  as  they  increase  in 
capacity,  and  on  the  shorter  and  more  common  spans  an  increase  of  only  3  to  6  per  cent 
in  weight  gives  15  to  25  per  cent  increase  in  carrying  capacity. 


can  lines  should  give  out  within  a  few  years,  as  it  does,  either 
because  the  foundations  were  inadequate  or  were  not  properly 
protected  against  wash,  or  the  stone  poor,  or  laid  dry,  or  the 
spans  inadequate,  reflects  little  credit  on  engineers. 

1040.  A  still  less  reasonable  and  creditable  mode  of  economy 
is  CUTTING  DOWN  THE  ROAD-BED,  especially  in  cuts.  The  saving 
is  but  trifling,  and  the  effect  on  maintenance  expenses  very  un- 
favorable, since  it  forbids  proper  ditching,  impedes  access  of  the 
sun  to  tlie  road-bed,  and  makes  difficult  to  apply  a  proper  coat  of 
ballast  and  leave  any  ditch  at  all.  The  narrowest  road-bed  in 
earth  should  be  20  ft.,  especially  in  light  work,  or  on  light  grades 
having  many  long  low  cuts  on  them,  which  latter  are  very  difficult 
to  drain.  In  fills,  a  15-ft.  or  16  ft.  road*bed  is  none  too  wide,  and 
will  rarely  be  found  to  be  much  wider  than  is  necessary  to  hold 
the  ballast  when  the  track  is  laid. 

1041.  Cutting  down  the  coat  of  ballast  is  likewise  one  of  the 
most  costly  economies  in  which  a  road  can  engage.  Sometimes 
it  is  necessary,  because  ballast  is  not  readily  available,  and  to 
some  extent  good  ditching  may  be  substituted  for  it,  but  econ- 
omy requires  that  both  ditching  and  ballast  should  be  good. 
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It  was  a  saying  of  the  late  Charles  Collins,  the  lamented  chief- 
engineer  of  the  Lake  Shore  &  Michigan  Southern  Railway,  that 
"two  feet  of  ditch  is  worth  one  foot  of  ballast,"  and  this  has  a 
foundation  of  truth  at  least,  as  was  shown  by  the  results  of  free 
ditching  on  the  Lake  Shore  road.  It  may  plausibly  be  claimed 
that  when  a  road  is  neither  well  ditched  nor  well  ballasted  a  lim- 
ited amount  of  money  will  accomplish  more  good  if  spent  for 
ditching  than  for  ballasting,  and  tliere  is  a. certain  absurdity  in 
putting  on  a  thick  coat  of  clean  ballast  in  a  cut  where  the  ditch- 
ing is  so  imperfect  that  there  can  hardly  be  said  to  beany.  Nev- 
ertheless, more  and  better  ballast  is  a  crying  need  on  many  lines  of 
considerable  traffic,  if  not  on  most  lines  not  of  the  first  rank,  and 
if  it  were  more  generally  realized  how  cheaply  ballast  can  be  sup- 
plied by  improved  modern  appliances,  and  how  greatly  it  would 
decrease  wear  and  tear  and  maintenance  expenses,  both  of  track 
and  of  rolling-stock,  as  well  as  sometimes  increase  by  a  car  or 
two  the  length  of  trains,  there  would  not  be  so  many  roads  as 
there  are  practising  an  expensive  economy  in  this  item. 

1042.  One  reason  why  ballasting  is  often  so  costly,  even  with  all  the  ad- 
vantages of  steam-shovels  and  unloading  ploughs,  is  an  abuse  (or  what  is  often 
such)  in  THE  HANDLING  OF  BALLAST  TRAINS  which  may  well  be  noted.  Fair 
average  prices  for  ballasting  with  steam -excavators  and  gravel  trains  way  be 
taken  to  be  as  follows  : 


All  expenses  connected  with  loading 3  cts.  per  cu.  yd. 

Loading  and  delivering  on  road'bed,  10  mile  haul 10    "      '*        *' 

4t  4(  <«  ««  l<  nf>  **  «•  Yf  <<  (<  •< 

««  «<  <l  (<  «l  MQ  «<  <(  AQ         <<  <•  *( 

Not  unfrequently,  however,  the  cost  will  rise  to  two  or  three  times  these  figures, 
because  of  interruption  of  trains. 

This  results  because  the  ballast  train,  in  disregard  of  all  considerations  of 
economy,  and  without  the  excuse  of  any  real  necessity,  is  all  but  universally 
treated  as  a  kind  of  outcast  or  pariah  among  trains.  The  extent  of  its  privi- 
leges is  embodied  in  the  stereotyped  formula  that  it  "  has  permission  to  work 
between  A  and  B,  keeping  out  of  the  way  of  all  regular  trains  "  What  that 
means,  on  a  road  doing  any  considerable  busmess,  with  all  the  necessary  delays 
for  clearing  the  track  *'  ten  minutes  ahead  of  all  regular  trains'  time,"  and  for 
waiting  for  them  to  arrive  when  late,  is  an  enormous  proportion  of  lost  time  per 
day,  doubling  and  trebling  the  necessary  cost  of  delivering  ballast  on  the  track 
not  only  in  many  but  in  most  cases. 
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NcTertheless.  this  limiution  of  priTileges  is  nataral  enough  and  well  enough 
as  a  matter  of  permanent  rule.  A  ballast  train  cannot  be  anything  else  than  an 
irregular  train,  and  cannot  safely  be  given  any  rights  whatever,  except  by  spe- 
cial order :  but  therein  lies  the  difficulty.  Trains  are,  as  a  matter  of  fact, 
almost  all  run  by  special  order,  and  when  g^^i"?  such  order,  it  rests  entirely 
with  the  discretion  of  the  dispatcher,  within  wide  limits,  to  favor  one  train  or 
another  as  he  sees  fit.  This  discretion,  however,  is  rarely  exercised  to  prevent 
delays  of  ballast  trains,  which  cost  money,  rather  than  delays  of  r^;ular  trains, 
which  do  not  directly  cost  money:  but  the  ballast  train  gets  from  the  dispatcher, 
inipn^i^rly  and  unwisely,  much  the  same  kind  of  treatment  that  it  necessarily 
and  properly  has  in  the  printed  rules  and  time-tables. 

Now  a  regular  freight  train  is  earning  perhaps  $i.so  per  mile  ran  and  cost* 
ing  $1.  but  it  will  earn  no  less  and  cost  no  more  (barring  a  slight  loss  of  fuel) 
for  being  a  quarter  or  half  an  hour  more  or  less  upon  its  trips.  On  the  other 
hand,  the  total  expenses  tor  running  a  steam-excavator  with  perhaps  three  of 
tour  engines  at  work  to  handle  the  cars,  are  from  $ioo  to  $150  per  day.  A 
delav  to  any  one  of  these  trains  is  to  a  considerable  extent  a  delay  to  all  and  to 
tho  rxcav.itor  as  well,  and  a  delay  of  three  hours  per  day  to  these  trains  (which 
is  .tboui  a  niinimum>  means  the  loss  of  $1200  to  $1500  per  month. 

I'ndor  those  circumstances  what  ought  to  be  done,  if  true  economy  is  to  be 
ronsidoicd,  is  to  prepare  something  like  a  regular  schedule  for  the  movement 
of  thoso  ti.iins.  frv>m  day  to  day  and  from  week  to  week,  for  the  use  of  the  dis- 
patcher ;  to  proviiio  as  go^ni  facilities  as  possible  for  communicating  orders  to 
them,  and  to  require  that,  whenever  and  wherever  it  is  possible  without  too 
great  delay,  the  gravel  trains  shall  be  favored  at  the  expense  of  the  ordinary 
freight  train. 

1043.  Supposing:  iho  delays  to  gravel  trains  to  have  been  re- 
diKcil  to  a  iiiininiuin,  lliere  are  few  expenditures  so  directly 
proliiablc  as  to  procure  a  steam-excavalor  and  ballast  plows, 
and  keop  two  or  three  trains  at  work  for  a  good  part  of  several 
seasons  increasing  the  depth  of  ballast.  Half  a  cubic  yard  per 
cross-lie  will  raise  the  track  some  8  in.,  and  where  the  road-bed 
is  wet  and  the  haul  not  too  great,  this  would  not  be  so  very  bad 
an  investment,  simply  as  a  preservative  of  cross-ties. 

An  additional  economy  for  this  kind  of  work  on  many  lines, 
and  one  deserving  of  more  frequent  use,  is  the  hauling  •  side- 
dump  cars  loaded  with  ballast  on  regular  trains,  especially  way 
freight,  whenever,  as  is  frequently  the  case,  eight  or  ten  addi- 
tional cars  can  be  hauled  over  a  portion  of  the  division  as  well 
as  not,  owing  to  more  favorable  gradients.     Many  types  of  cars 
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suitable  for  this  purpose  exist  which  are  readily  dumped  by  one 
man. 

1044.  One  of  the  very  worst  places  to  economize  in,  but  for- 
tunately not  a  common  one,  is  in  the  cross-ties.  The  number 
of  these  cannot  be  too  great  for  economy,  until  they  become  so 
close  as  to  impede  tamping,  which  is  when  about  40  per  cent  of 
the  length  of  the  rail  rests  upon  ties.  Up  to  this  point  even  the 
weight  of  rail  may  be  judiciously  sacrificed,  if  necessary,  to  in- 
crease the  tie  support,  as  may  be  speedily  shown. 

Track  is  constructed  and  made  passable  by  the  use  of  three 
agencies  :  (i)  rails,  (2)  cross  ties,  (3)  tamping  under  the  ties. 
Some  proportion  of 
each  of  these  must  be 
used  to  maintain  a  sta-  '— 
ble  track,  but  in  pro- 
portion as  the  stabil- 
ity from  one  of  them 
is  increased,  that  required  from  one  or  both  of  the  others  may 
be  decreased.  If  we  have  a  stiffer  rail,  we  may  use  less  ties  and 
less  track-labor.     If  we  have  more  or  better  ties,  we  may  use  a 


\^m 


Fig.  250. 


Fig.  251. 

lighter  ra;!.  If  we  put  more  labor  into  maintenance,  we  may 
dispense  with  some  expenditure  on  either  rails  or  ties,  or  both. 
The  different  modes  of  yielding,  outlined  in  Figs.  250  and  251, 
which  occur  more  or  less  on  all  track,  may  be  assumed  to  arise, 
and  will  arise,  from   deficiencies   in  any  one  of  these  three  re- 
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Comparing  this  with  the  figures  in  Table  196,  giving  the 
comparative  stiffness  of  light  and  heavy  rails,  we  have  the  fol- 
lowing comparison  for  various  light  rails — for  which  rails  only 
the  comparison  is  at  all  close: 

Original  weight  of  rail, 20  lbs.        35  lbs.        50  lbs. 

Stinness  in  do.  taken  as 1.00  i.oo  i.oo 

Adding  4.5  lbs.  per  yard  (=  cost  of  880  ties 
at  25  cents  each,  as  above)  malces  stiff- 
ness       1. 51  1.27  1. 19 

Adding  9.1  lbs.  per  yard  (=  cost  of  880  ties 

at  50  cents  each)  makes  stiffness    .    .     .     2.13  1.57  1.40 

Whereas  the  same  sum  spent  on  ties  in- 
creases the  stiffness,  as  above,  to ....  2.37 

1046.  While  the  addition  of  so  large  a  number  of  ties,  without 
decreasing  their  width,  can  rarely  be  practicable,  and  while  the 
comparison  is  not  strictly  exact  for  other  reasons,  this  does  indi- 
cate clearly  the  general  fact,  that  increasing  the  number  of  ties 
to  the  limit  of  convenience  is  a  cheaper  way  of  increasing  sta- 
bility than  increasing  the  rail-section,  even  for  very  light  rails. 
On  the  other  hand,  the  total  stability  which  is  obtainable  from 
ties  is  limited  by  the  number  which  it  is  possible  to  use,  so  that 
what  these  figures  in  fact  indicate  is  that,  in  endeavoring  to  get 
the  utmost  stability  at  the  least  cost,  the  first  essential  is  to  use 
ties  as  freely  as  is  possible,  and  the  next  essential  is  to  decide 
between  a  heavier  rail  and  more  tamping  to  supply  the  deficit. 

1047.  The  physical  limit  to  the  increase  in  number  of  ties,  of 
ordinary  standard  width,  is  probably  2800  per  mile;  but  if,  as  in 
the  first  table  above,  we  consider  the  width  of  the  ties  to  be  di- 
minished as  their  number  is  increased,  this  limit  is  considerably 
higher.  There  are  quite  a  number  of  roads  in  the  United  States 
which  use  3100  to  3300  narrow  ties  per  mile  with  very  satisfac- 
tory results.  Remembering  that  the  stiffness  of  a  rail  decreases 
as  the  cube  of  the  span,  it  is  obvious  that  by  dividing  up  the 
bearing-surface  among  a  greater  number  of  ties,  so  that  the  ag- 
gregate area  remains  the  same,  we  measurably  obtain  two  desir- 
able ends  at  once — we  give  much  more  effectual  support  to  a 
weak  rail,  and  we  in  general  reduce,  instead  of  increasing,  the 
total  cost  of  ties,  since  the  cost  of  ties  will  usually  increase  faster 
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than  the  required  minimum  face.  As,  therefore,  the  necessary 
space  between  ties  varies  approximately  with  the  width  of  facCp 
and  is  about  twice  the  face  (so  that  full-width  ties  cannot  be 
used  with  very  narrow  spacing),  the  utmost  economy  would  seem 
to  require  that  narrow  ties  spaced  close  together  should  be  given 
a  decided  preference  at  the  same  cost  for  ties  per  mile  when  a 
light  rail  is  to  be  supported,  and  there  are  few  rails  indeed  in 
this  country  whicii  cannot  be  said  to  be  light  in  proportion  to 
the  duty  imposed  on  them.  It  could  not  rationally  be  expected, 
indeed,  that  6-in.  ties  spaced  i8  in.  apart,  instead  of  8-in.  ties 
spaced  24  in.  apart,  would  increase  the  stiffness  of  a  light  rail 
from  1. 00  to  2.37,  as  the  figures  above  indicate;  yet  we  may 
justly  conclude  that  it  will  be  increased  very  greatly,  with  a  pos- 
sible decrease  in  the  total  cost  of  ties  as  well,  where  the  supply 
of  large  timber  is  small.  In  not  a  few  localities  ties  of  5-  or  6-in. 
face  can  be  had  for  but  little  more  than  half  the  cost  of  ties  with 
8-in.  face. 

1048.  A  great  error  is  often  committed  in  making  ties  too 
thin.  A  cross-tie  is  an  inverted  cantilever.  In  Fig.  251  we  have 
a  tie  yielding,  as  they  all  do,  more  or  less  under  a  load;  and  by 
inverting  Fig.  251  it  will  be  seen  that  we  may  consider  the  tie 
as  a  cantilever  beam,  supported  upon  two  piers  (the  rails)  and 
loaded  with  a  more  or  less  uniformly  distributed  load.  If  the 
tie  were  perfectly  stiff,  it  would  be  an  evenly  distributed  load, 
and  the  pressure  of  the  tie  upon  the  soil  would  be  uniform  for 
every  square  inch  of  its  bearing-surface.  If  the  tie  be  very  thin, 
the  conditions  of  the  exaggerated  sketch  will  literally  obtain. 
The  middle  and  ends  of  the  tie  will  then  be  able  to  transmit  but 
little  pressure  to  the  ballast,  and  (since  the  total  pressure  trans- 
mitted must  in  any  case  be  the  same)  an  excessive  and  destruc- 
tive pressure  will  be  thrown  upon  the  road-bed  directly  under 
the  rails,  causing  rapid  deterioration  therein.  This  may  be 
shown  by  the  load-diagram  below  Fig.  251.  Let  us  suppose 
that  a  tie  be  so  thin,  or  the  nature  of  the  support  so  unyielding, 
that  the  load  per  square  inch  directly  under  the  rail  is  three  times 
as  great  as  at  the  ends  and  in  the  middle,  as  shown  by  the  full 
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line  in  the  diagram  below  Fig.  251 — a  very  common  diGference, 
if  not,  indeed,  one  almost  universally  exceeded  in  occasional  in- 
stances, even  on  a  very  good  track.  An  increase  of  stiffness 
which  would  double  the  load  on  these  lightly  loaded  extremities 
would  produce,  as  will  be  seen  from  the  diagram,  an  absolutely 
uniform  distribution  of  pressure,  and  although  this  can  never  be 
fully  realized,  yet  it  is  plain  that  it  may  be  approached. 

1049.  Now  the  stiffness  of  any  beam,  however  supported  or 
loaded,  is  in  proportion  to  the  cube  of  its  depth  (or  thickness  of 
tie)  and  of  its  lengths  between  supports  (or  the  gauge).  Any 
attempt  to  compute  from  these  facts  the  absolute  requirements, 
or  distribution  of  load,  with  a  given  tie  or  gauge,  would  be  pre- 
posterous. There  is  no  absolute  requirement,  since,  however 
well  maintained  the  track,  occasional  ties  are  ba'dlyor  unequally 
supported;  and  since  the  load  is  far  more  than  sufficient  to  break 
any  tie  in  two  at  the  middle  if  only  supported  at  that  point  (a 
dead  load  of  14,000  lbs.  per  wheel  would  probably  break  such 
ties  the  first  time  it  was  imposed),  it  is  for  these  maximum  de- 
mands, and  not  the  average,  that  we  must  provide.  Therefore, 
speaking  comparatively  only,  and  taking  a  tie  6  in.  thick  as  the 
basis  of  comparison,  we  have  the  following: 

Thicknett  of  Narrow*  (3  ft.)  gauge  Tie  of— 


ick 

ness. 

Stiffness. 

Equal  Stiffness. 

Equal  Strength. 

5 

in. 

0.58 

3.18  in. 

4.30 

m. 

6 

<t 

1. 00 

3.82  " 

5.16 

(f 

7 

(1 

1-59 

446  " 

6.02 

«( 

8 

14 

2.37 

5.10  " 

6.88 

•« 

From  this  it  is  clear  that  although  the  nominal  bearing-sur- 
face of  a  tie  is  not  increased  by  increasing  its  thickness,  yet  that 
the  effective  bearing-surface  is  likely  to  be  very  materially  in- 
creased by  a  very  moderate  increase  of  thickness.  By  increasing 
the  thickness  from  5  to  6  in.,  we  nearly  double  the  stiffness  ;  by 
increasing  it  from  6  to  7  in.,  we  increase  the  stiffness  59  per 
cent,  giving  the  effect  outlined  below  Fig.  251,  in  which  the  full 
line  shows  the  assumed  distribution  of  pressure  with  a  tie  6  in. 
thick,  and  the  dotted  line  the  effect  on  the  latter  of  thickening 
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the  tie  i  in.     Economizing  in  the  thickness  of  ties,  therefore, 
would  seem  to  be  one  of  the  poorest  ways  of  saving  money. 

1050t  This  IS  more  fully  seen  by  coniparing  the  effect  of  differ- 
ence of  lengtli.  It  cannot  be  attempted  to  consider  the  matter 
in  detail,  but  a  tie  whicli  is  under  fair  conditions  to  permanently 
fulfil  its  office  of  distributing  the  load  may  be  considered  to 
curve  into  the  three  circular  arcs  shown  in  Fig.  251,  from  which 
it  will  be  apparent  that,  under  whatever  assumptions  as  to  the 
curve  of  flexure,  there  is  a  clear  limit  to  the  useful  increase  of 
length  in  ties  at  a  point  considerably  within  a  length  of  twice 
the  gauge, //^  If  the  tie  be  made  longer,  as,  for  instance,  ex- 
tended to//',  or,  still  worse,  tog  g',  either  the  extra  length  will 
carry  little  or  no  load  (which  is  most  likely),  or,  if  the  support 
nearer  the  rail  has  given  way  so  as  to  throw  load  upon  it,  it  will 
be  very  liable  to  break  the  tie. 

If  the  tie  be  made  shorter,  the  load  thrown  on  the  middle  of 
the  tie  will  be  disproportionately  increased  until,  if  we  conceive 
the  tie  cut  off  close  to  the  outside  edge  of  the  rail,  the  load  per 
square  inch  will,  in  the  first  place,  be  very  greatly  increased, 
and,  in  the  second  place,  the  strength  of  that  portion  of  the  tie 
between  the  rails,  considered  as  a  beam,  is  diminished  by  about 
one  half  and  its  stiffness  about  seven  eighths;  because  the  effective 
span  of  the  beam  has,  by  cutting  off  the  projecting  ends,  been 
almost  doubled,  i.e.,  increased  from  dy.  Fig.  251,  torr'. 

1051.  For  the  most  efficient  service  from  ties,  therefore,  we 
have  a  certain  quite  narrow  limit  of  length,  the  minimum  being 
about  7^  ft.,  and  the  maximum  about  8^  to  9  ft.,  for  the  ordinary 
gauge  of  4.71  ft.  It  is  clear  from  the  above  that  any  increase  of 
length  above  8  ft.  gives  a  far  less  effectual  way  of  disposing  a 
given  quantity  of  wood  (to  obtain  an  approximately  uniform 
pressure  on  the  ballast,  and  so  keep  down  the  maximum),  than 
to  increase  the  thickness,  provided  the  nature  of  the  timber  per- 
mits it.  The  apparent  gain  of  bearing-surface  by  increasing  the 
length  of  ties  from  8  ft.  to  9  ft.,  and  the  apparent  absence  of  gain 
in  bearing-surface  by  increasing  the  thickness  from  6  in.  to  7  in., 
will  be  seen  to  be  precisely  the  reverse  of  the  true  conditioi*- 
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and  we  may  well  believe  that  this  deceptive  contrast  has  been 
tlie  chief  cause  for  such  awkward  combinations  as  an  8^-  or  9-ft. 
tie  witli  only  6  in.  thickness,  which  prevails  with  6.1  percent  of 
the  ties  in  the  United  States. 

Neglecting  the  widths,  as  an  indeterminate  element  not  defi- 
nitely tixed,  the  percentages  for  the  entire  United  States  of  the 
various  lengths  and  thicknesses  of  ties  in  use  is  as  follows : 

Lengths,     .     .     8  ft.      8  ft.  6  in.      9  ft.         10  ft.      Total. 
Percentages,  .     63.5  27.6  8.9  o  +         loo.o 

Thickness,       .     6  in.        6^  in.        7  in.         8  in. 
Percentages,  .     54.4  3.8  41.4  0.4  loo.o 

While  these  variations  are  in  part,  and  perhaps  chiefly,  gov- 
erned by  the  conditions  of  the  timber  supply,  they  arise  in  part 
at  least,  we  may  safely  assume,  from  mistaken  views  as  to  what 
is,  abstractly  considered,  the  best  proportion  for  a  tie.  The  best 
dimensions  for  a  tie  are  about  7  in.  thick,  8  ft.  6  in.  long,  and 
7  to  9  in.  face. 

1062.  There  is  another  side  to  the  question  of  masonry  struc- 
tures which  may  be  briefly  noted.  While  a  structure,  if  built  at 
all,  should  be  well  and  solidly  built,  it  does  not  follow  that  be- 
cause a  certain  proportion  of  the  structures  of  a  line  eventually 
wash  out  that  they  were  therefore  ill-designed.  "  The  natural 
end  of  a  tutor,"  says  tlie  Autocrat  of  the  Breakfast-Table,  "is  to 
die  of  starvation.  It  is  only  a  question  of  time,  just  as  with  the 
burning  of  college  libraries."  So  in  a  certain  narrow  and  limited 
sense  we  may  say  that  the  natural  end  of  a  culvert,  and  even  of 
many  bridges,  is  to  perish  in  some  excessive  flood.  The  excep- 
tional storms  which  come  but  once  or  twice  in  a  century  can 
hardly  be  fully  provided  for,  for  the  reason  that  it  is  diflicult  to 
build  any  large  number  of  structures  with  such  an  ample  margin 
of  safety  as  to  insure  that  many  of  them  will  not  eventually  wash 
out. 

For  example,  in  1886  there  came  some  unusual  storms  which 
chanced  to  fall  most  severely  on  some  of  the  Boston  roads,  which 
are  about   the  oldest  roads  in  this  country,  having  been  built 
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from  40  to  50  years,  and  had  rarely  suffered  much  from  floods 
and  washouts  heretofore.  As  a  consequence  structures  were 
washed  out  in  considerable  numbers  (on  the  Old  Colony  there 
were  40  washouts),  many  of  which  were  "supposed  to  be  strong 
enougli  to  resist  any  current/' and  had  succeeded  in  doing  so 
for  half  a  century. 

1053.  Such  occurrences  will  and  ought  to  make  engineers 
cautious;  but  we  may  remember,  on  the  other  hand,  that  to  have 
insured  that  these  structures  should  not  have  washed  out,  their 
original  size  and  cost  would  have  had  to  be  nearly  if  not  quite 
doubled,  and  a  simple  computation  in  compound  interest  will 
show  that  liad  this  been  done  in  the  first  instance  the  additional 
investment  would  have  amounted  at  6  per  cent  to  19*50  times 
the  actual  first  cost.  It  follows  that  in  1835  even  a  certainty  of 
saving  the  cost  of  duplicating  the  original  structure  in  1886  would 
have  warranted  barely  5  per  cent  additional  expenditure*  It  is 
true  that  the  bare  cost  of  renewal  does  not  cover  the  whole  loss, 
for  there  is  a  loss  from  delay  and  danger  of  accident  incurred 
by  the  washout  in  addition  thereto  ;  but  on  the  other  hand,  to 
guard  against  all  the  contingencies  which  might  arise  in  1886,  it 
would  have  been  necessary  in  1835  ^^  have  about  doubled  the 
cost  of  all  the  structures,  since  all  may  be  assumed  to  have  been 
laid  out  with  equal  care,  and  it  could  not  have  been  foreseen 
which  would  be  most  tried  thereafter. 

All  of  which  goes  to  show  that  when  structures  have  been 
skilfully  laid  out  to  stand  the  ordinary  contingencies  of  20  or  30 
years  it  is  about  all  that  is  either  practicable  or  justifiable,  and 
that  the  remarkable  storins  which  come  only  once  or  twice  in  a 
century  are  not  in  fact,  and  hardly  can  be,  successfully  guarded 
against.  This  is  especially  true  because  the  worst  effects  of  even 
the  greatest  storms  are  localized  within  quite  nairow  limits. 
The  storms  referred  to  were  not  by  any  means  the  worst  for  50 
years,  except  at  a  few  spots.  But  those  structures  which  washed 
out  chanced  to  be  at  those  spots,  while  the  really  greater  storms 
which  have  washed  oiJt  others  in  past  years  did  not  chance  to 
fall  so  severely  on  these. 
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1054.  The  same  is,  in  substance,  true  of  initndations  of  rail- 
way lines.  Every  year  we  liear  of  miles  of  line  of  important 
roads  being  iinJer  water,  an<l  every  year  it  is,  to  a  considerable 
extent,  in  different  localities.  It  is  a,  tolerably  safe  predictioa 
that  witliin  reasonable 
and  justifiable  limits 
of  expenditure  no  rail- 
way can  be  carried 
for  any  long  distance 
through  that  place  of 
all  places  for  economi- 
cal operation,  a  river 
valley,  without  being 
at  some  time  and  at 
some  point  under  wat- 
er. The  conclusion 
that  whenever  this  oc- 
curs it  is  evidence  of 
bad  engineering  is  not 
justified.  There  are 
lines  in  all  parts  of 
the  country  which  are 
overflowed  for  consid- 
erable distances  every 
three  or  four  years  for 
a  few  days,  and  find 
it  cheaper  to  suflfer 
the  evil  than  to  cor- 
rect    it.      Prominent 

examples  among  in-        Fw.  .j^.-Akkual  R*iirrALi.  n.  ii.eii«  at  lam 
numerable  others  are  Cochitlati,  m*ss..  iBji-ibbj. 

tlie  main  line  of  the  Pennsylvania  Railroad  in  Trenton,  N.  J., 
various  points  on  the  Erie,  Philadelphia  &  Erie,  and  Baltimore 
&  Ohio,  and  various  roads  in  the  vicinity  of  Buffalo,  N.  Y. 

Without  going  to  the  length  of  saying  that  this  is  ordinarily 
justifiable,  which  would  be  going  too  far,  it  is  an  entirely  safe 
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Statement  that  when  the  works  endangered  by  such  overflow  are 
not  of  a  very  costly  character,  it  is  far  better  to  risk  the  chances 
of  overflow  and  damage  at  a  few  points  every  eight  or  ten  or 
fifteen  years,  and  often  still  more  frequently,  than  to  sacrifice 
the  advantage  of  easy  gradients  and  light  first  cost  to  avoid  the 
risk,  especially  as  it  is  often  impossible  to  avoid  it  without  aban- 
doning the  valley  altogether.  This  latter  has  been  done  in  not 
a  few  instances,  and  by  no  means  to  the  advantage  of  the  prop- 
erty, although  of  course  there  are  many  valleys  which  are  so 
frequently  subject  to  excessive  floods  as  to  make  them  unfit  for 
any  permanent  railway  line. 

1055.  Very  great  fluctuations  in  rainfall  occur  in  successive 
years,  as  shown  in  Fig.  252,  which  likewise  strongly  indicates 
that  there  are  periods  of  great  or  small  rainfall  of  ten  or  fifteen 
years'  duration.  It  by  no  means  follows,  however,  that  the  years 
of  greatest  rainfall  are  the  years  of  greatest  floods,  but  rather 
the  contrary. 
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CHAPTER  XXIV. 

THE   IMPROVEMENT    OF   OLD    LINES. 

1056.  It  should  follow  from  what  we  have  already  seen  in 
respect  to  the  errors  which  may  be  committed  in  the  laying  out 
of  new  lines,  that  many  existing  lines,  built  in  haste  and  without 
adequate  study  of  conditions  of  greatest  economy,  should  be 
capable  of  material  improvement  at  a  cost  far  within  the  added 
value  to  the  property.  That  this  is  so  is  a  matter  of  common 
observation  and  belief,  and  many  lines  are  already  acting  upon 
it  to  their  great  advantage.  Undoubtedly  the  number  of  such 
lines  will  continue  to  increase,  influenced  by  the  sharp  spur  of 
necessity  if  nothing  else,  and  it  is  probable  that  this  would  be 
more  generally  done  if  it  were  fully  realized  what  great  improve- 
ments may,  in  cases,  be  effected  at  very  moderate  cost,  and  how 
readily  the  possibilities  in  that  direction  may  be  determined 
without  elaborate  and  costly  surveys. 

The  subject  is  one  which  usually  requires  careful  study,  not 
so  much  for  determining  whether  or  not  improvements  can  ad- 
vantageously be  entered  on,  which  is  often  too  clear  for  doubt, 
as  for  determining  precisely  how  and  where  the  most  improve- 
ment can  be  effected  for  the  least  money,  so  as  to  avoid  the 
danger  that,  if  the  improvements  are  entered  on,  the  expenditure 
will  not  be  given  the  right  direction,  and  so  accomplish  a  part 
only  of  what  might  have  been  accomplished,  or,  on  the  other 
hand,  will  include  much  that  was  not  essential  and  so  not  return 
interest  on  the  capital  invested. 

1067.  In  attempting  to  improve  an  old  line,  as  compared  with 

a  line  which   is  still  on  paper  only,  we  are  at  once  better  and 

worse  off.     On  the  one  hand,  we  have  a  positive  knowledge  of 

its  earnings,  expenses,  and  traffic,  and  far  more  definite  premises 

50 
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i^jT  es::ma::r.g  th^  pv-«s:b:!:iT  and  ralue  of  anj  change  thcrcifl. 
W^  know  or  n:aj  know  prccisclr  faov  much  locomotives  do  and 
can  CO  on  the  I.nc.  :.ow  much  ihej  are  now  assisted  by  momen- 
tjm  :n  passing  over  iheir  heavr  grades,  and  where  they  are 
most  taxed.  AtK;vc  all.  perhaps,  we  hare  time  to  fully  consider 
an'i  investigate  all  the  conditions.  Usually,  moreover,  there  are 
certain  members  of  the  regular  staff  who  can  devote  a  moderate 
amount  of  time  to  investigations  and  minor  surveys  without 
serious  interference  with  their  regular  duties. 

1058.  On  the  other  hand,  wc  have  the  disadvantage  that  any 
changes  of  line  or  grade,  or  of  positions  of  stations  or  water- 
tanks,  etc..  etc.,  involve  the  throwing  away  of  a  certain  amount 
of  work  already  done,  instead  of  the  mere  addition  of  a  new  red 
line  to  the  maps  and  a  new  line  of  stakes  on  the  ground.  For 
this  reason,  a  change  which  might  have  been  in  every  way  ex- 
pedient in  the  beginning  may  not  be  expedient  when  loaded 
with  the  cost  of  two  lines  instead  of  one.  Wc  have,  moreover, 
the  disadvantage  that  the  value  of  property  and  number  of  build> 
ings  are  liable  to  have  greatly  increased,  often  to  a  prohibitory 
limit,  especially  near  stations  and  large  towns,  where  changes 
are  most  likely  to  prove  expedient.  Moreover,  in  cases  of  con- 
siderabhi  changes,  involving  the  abandonment  of  certain  sec- 
tions (if  line  or  even  the  moving  of  minor  stations  or  siding^s, 
legal  difficulties  may  arise,  with  expenses  of  unknown  magni- 
tude resulting,  perluips,  from  the  mere  whim  of  a  jury,  and  re* 
quiring  the  maintenance  and  operation  at  heavy  cost  of  work 
intended  to  be  abandoned.  It  has  been  Successfully  disputed  in 
some  instances,  at  least  for  a  time,  whether  a  corporation  has 
the  right  in  law  to  abandon  sections  of  unprofitable  lines  to  the 
detriment  of  vested  interests  without  payment  of  heavy  damages 
as  compensation  for  contingent  as  well  as  actual  injury.  On 
the  other  hand,  instances  have  repeatedly  arisen  wheie  the  right 
of  such  abandonment  has  been  successfully  asserted  and  main- 
tained. Much  depends,  no  doubt,  both  on  the  importance  of 
the  case  and  the  rigor  of  the  opposition,  but  in  general  it  seems 
reasonable  to  expect  that  moderate  clianges  for  which  necessity 
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or  good  reason  can  be  shown  will  not  be  accompanied  by  a  re- 
fusal of  legal  authority  to  make  them,  or  by  more  than  reason- 
able and  actual  damages.  It  constitutes  an  element  to  be  always 
remembered  and  weighed,  but  not  to  be  exaggerated  without 
weighing  it,  as  there  is  some  danger  that  it  may  be. 

1059<  The  disadvantage  of  having  to  build  a  line  twice  over  is 
one  which,  while  undoubted,  is  liable  to  affect  the  imagination 
far  more  than  its  real  importance  warrants.  The  constant  loss 
from  operating  a  bad  line,  on  the  other  hand,  being  so  gradual 
and  continuous  that  it  does  not  affect  the  imagination  at  all,  the 
two  causes  may  unite  to  indispose  responsible  officers  to  think 
of  entering  upon  a  policy  in  which  the  outlay  is  certain  and 
seems  larger  than  it  is,  while  the  gain  is  problematical,  and  even 
its  possibility  does  not  force  itself  upon  tlie  attention. 

To  construct,  say,  lo  per  cent  of  a  long  line  over  again,  for 
example,  inevitably  impresses  the  imagination  as  very  much  like 
adding  8  or  lo  per  cent  to  the  capital  invested;  and  as  the  shin 
is  nearly  sinking  under  the  load  it  carries,  what  may  happen  to 
it  with  that  load  added  ?  The  chances  are,  however  (Table  199 
and  14),  tliat  it  will  not  really  add  more  than  one  to  three  per 
cent.  On  the  other  hand,  what  can  seem  more  improbable, 
a  priori^  to  a  manager  who  is  only  hauling  25  or  30  cars  per  train, 
than  that  50  or  60  cars  can  be  drawn  over  the  same  road  with- 
out, s.iy.  doubling  or  at  least  increasing  one  third  the  cost  of  the 
line  ?  Yet  this  has  been  repeatedly  accomplished,  and  can  be 
again  accomplished  on  many  thousand  miles  of  road,  at  far  less 
cost. 

1060.  The  defects  which  are  most  conspicuous  in  old  lines 
which  it  is  desired  to  improve  are,  in  general,  these: 

1.  The  passing  by  of  large  towns  or  other  sources  of  traffic 
which  should  have  been  approached  more  nearly.  This  defect, 
although  a  great  one  in  the  laying  out  of  old  lines,  is  ordinarily 
not  one  for  which  alone  it  is  expedient  to  change  the  main  line, 
but  it  is  often  an  element  in  considering  changes  which  are  de- 
sirable for  other  reasons. 

2.  Excessive  curvature;    a  defect  which  forces  itself  with 
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quite  sufficient  force,  as  a  rule,  upon  the  attention  of  all  con- 
cerned, so  that  there  is  some  danger  that  expenditures  may  be 
incurred  in  efforts  to  remedy  this  evil  which  might  better  have 
been  given  some  other  direction.  Nothing  further  will  be  said 
on  this  subject  than  has  been  already  said  in  Chapter  VIII.  on 
curvature;  but  it  is  beyond  question  that  on  important  trunk 
lines  large  expenditures  may  often  be  usefully  devoted  to  this, 
as  to  almost  any  other  improvement. 

3.  Improvements  in  gradients,  which  are  generally  at  once 
the  cheapest  and  the  most  important  to  effect,  and  to  which  this 
chapter  will  hereafter  be  devoted. 

1061.  The  defects  in  gradients,  of  a  remediable  character, 
which  are  most  likely  to  exist  in  old  lines,  are  as  follows: 

1.  Stations  on  heavy  grades,  including  as  heavy  grades 
not  only  those  which  appear  heavy  on  the  profile,  but  those 
which  are  sufficient  to  prevent  starting  a  full  train,  although 
easily  enough  passed  over  by  trains  under  normal  headway. 
The  number  of  lines  is  great  on  which  several  limiting  stations 
of  this  kind  exist  on  a  single  division,  so  that,  as  the  trainmen 
put  it,  **  it  is  harder  to  start  the  trains  than  to  pull  them  up  the 
grade."  Very  frequently  these  bad  grades  at  stations  are  the 
onlv  obstacles  to  a  considerable  increase  of  train-load. 

2.  Grade-crossings  of  other  railroads,  which  have  often  been 
added  in  great  number  since  the  original  opening  of  the  line 
and  seriously  modified  the  handling  of  trains,  especially  in  the 
West. 

3.  Needless  undulations  of  grade,  avoidable  by  slight  de- 
tours, and  originally  introduced  only  because  the  importance  of 
low  grades  in  comparison  with  a  short  line  or  cheap  construc- 
tion was  underestimated. 

4.  Failure  to  use  pushers,  or  assistant  engines:  in  some 
cases  from  mere  oversight,  but  more  generally  because  the  line 
is  ill-suited  for  their  use  without  modifications  elsewhere.  It  is 
unfortunately  true  that  in  the  original  location  of  most  Ameri- 
can railways  this  possibility  has  been  little  considered;  partly 
because  the  amount  of  future  traffic  was  not  foreseen;  partly 
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because  the  grades  seemed  too  low  to  make  the  possibility  worth 
considering  (it  being  only  in  recent  years  that  the  use  cf  pushers 
on  low  grades,  to  handle  very  heavy  trains,  has  become  common), 
and  partly,  in  some  instances,  from  mere  lack  of  thought. 

1062.  On  very  many  lines  it  has  happened  that  there  was 
some  one  short  stretch  on  a  division  where  a  50  or  60  ft.  per  mile 
grade  was  unavoidable.  Grades  approaching  this  limit  were  then 
used  on  other  parts  of  tlie  line  which  were  easily  avoidable,  and 
can  easily  be  taken  out,  from  an  idea  (correct  enough  if  the  use 
of  pushers  is  not  considered)  that  they  were  of  no  importance  if 
not  exceeding  the  maximum. 

Consequently,  when  the  line  was  opened,  trains  had  to  be 
quite  short.  Stations  were  laid  out  or  have  been  added  from 
time  to  time,  without  reference  to  the  use  of  any  other  than  the 
short  trains  then  handled,  and  new  roads  have  from  time  to  time 
put  in  grade-crossings,  at  which  all  trains  were  compelled  to 
stop,  with  similar  indifference  to  consequences,  provided  the  new 
stop  did  not  require  a  still  shorter  train  than  was  then  handled. 

1063.  Thus  it  may  have  come  about,  in  the  course  of  years, 
that  there  will  be  a  dozen  or  twenty  points  on  the  division  where 
the  demand  upon  the  power  of  the  locomotive  is  almost  as  great 
as,  and  frequently  greater  than,  the  resistance  on  the  maximum 
grade,  so  that  no  advantage,  or  very  little  advantage,  would  be 
gained  by  the  use  of  pushers  anywhere,  and  the  character  of  the 
line  seems  fixed,  without  entire  reconstruction.  Yet  the  whole 
may  be  often  remedied  by  some  among  the  following  simple 
ways,  at  very  moderate  aggregate  cost: 

I.  The  point  or  points  offering  most  original  difficulties  and 
having,  probably,  the  heaviest  work  and  grades  (say  60  feet)  may 
be  in  some  cases  avoided  altogether  by  a  detour  of  a  few  miles, 
but  in  general  can  more  advantageously  be  operated  as  it  stands 
with  a  pusher,  thus  about  doubling  the  possible  train  over  it. 

1064.  2.  The  point?  of  next  heaviest  grades — there  may  be  six 
or  eight  of  them,  having  grades  of  30,  40,  and  50  to  60  feet  per 
mile — vvill  in  some  instances  be  so  short  that  they  are  now,  or 
can   well    be,  operated  as  momentum  grades,  with  or  without 
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some  slight  modification.  The  feasibility  of  this  can  be  deter- 
mined simply  and  easily  in  the  manner  explained  in  par.  408.  In 
other  (and  frequent)  cases  short  sections  of  new  grading  will  be 
required,  to  wliich  the  track  complete  can  be  removed.  In  some 
cases  the  regrading  of  considerable  sections  will  be  necessary, 
enabling  the  line  perhaps  to  strike  some  new  town  by  a  detour, 
but  endanp^ering  lep^al  complications  for  damages  unless  both 
lines  are  maintained.  Very  frequently,  however,  such  double 
construction  may  give  all  the  advantage  of  a  double  track,  for  a 
certain  distance,  since  the  objectionable  gradients  may  be  op- 
posed to  trains  going  one  way  only. 

1065,  3.  The  disadvantageous  effects  of  grade-crossings  may 
now,  happily,  be  immediately  removed  in  all  cases  by  taking  ad- 
vantage of  the  laws  already  existing  in  some  States  (see  next  chap- 
tor),  and  to  be  easily  obtained  by  effort  where  they  do  not  exist, 
permitting  sucli  crossings  to  be  operated  by  interlocking  signals 
without  requiring  trains  to  stop  at  them  regularly.  It  is  now 
universally  admitted  by  intelligent  and  well-informed  men,  that 
this  is  a  much  safer  and  cheaper  safeguard  than  the  stopping  of 
trains.  Exceptional  crossings  no  doubt  exist  where  (as  some 
trains  must  stop  when  another  happens  to  be  passing)  this  rem- 
edy would  not  be  a  perfect  one,  and  an  overhead  crossing  prefer- 
able, especially  to  effect  at  the  same  time  an  improvement  of 
grade,  but  in  general  dispensing  with  a  stop  by  interlocking 
would  be  all  that  was  practically  necessary.  The  expense  of  do- 
ing so  is  considered  more  fully  in  the  next  chapter. 

1066.  4.  The  unfavorable  gradients  at  stations — very  often  the 
chief  evil  to  be  cured,  although  none  but  the  trainmen  may  fully 
realize  the  fact — can  be  remedied  by  one  or  the  other  of  numer- 
ous wavs,  as  follows: 

(a)  By  moving  the  station  or  the  freight  tracks  only  a  little 
ahead  or  back,  so  as  to  reach  a  more  favorable  point;  if  neces- 
sary, at  important  stations,  by  completely  separating  the  freight 
and  passenger  yard  and  station,  and  incurring  some  extra  ex- 
pense for  extra  operators,  switchmen,  etc. 

{b)  By  modifying  the  gradients  of  the  station,  or  of  one  or 
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two  tracks  thereat  in  the  manner  indicated  in  Fig.  254,  viz.,  rais- 
ing the  track  a^  at  the  lower  end  of  the  yard,  so  as  to  give  a  lower 
grade  for  starting  trains,  at  the  expense  of  a  somewhat  higher 
grade  for  stopping  them,  the  latter  having  no  other  disadvan- 


Fig.  354. 


tageous  effect  than  to  check  the  speed  of  a  passing  train,  acting 
in  place  of  a  brake,  to  some  extent,  if  the  train  is  to  stop. 

(c)  By  stationing  a  switchman  to  open  certain  switches,  and 
thus  saving  the  necessity  of  a  train  stopping  at  an  unfavorable 
point  to  open  or  shut  them.  On  large  roads  and  at  large  sta- 
tions this  is  not  a  difficulty,  but  at  other  points  it  is  one  which 
must  be  fully  borne  in  mind. 

1067.  (d)  By  breaking  through,  if  necessary,  general  rules  as 
to  which  trains  shall  take  the  side  track,  and  even  (in  effect  if  not 
in  form)  which  trains  shall  have  the  right  of  way.  The  latter,  of 
course,  cannot  safely  be  done  in  formy  but  the  desired  end  can 
be  accomplished  by  taking  care  in  despatching,  to  have  the  lightly 
loaded  trains,  or  those  which  the  grades  favjr,  held  for  those 
which  cannot  well  stop  at  certain  stations  or  only  with  difficulty. 
A  general  rule  on  this  subject  is  commonly  established  and  put 
in  force  over  all  divisions  of  large  roads — as  for  instance  that  east- 
bound  trains  have  right  of  way  over  west-bound,  which  latter, 
consequently,  are  by  custom  always  obliged  to  take  the  side 
track  at  all  stations,  and  by  custom  of  the  despatchers  are  com- 
monly held  so  as  to  favor  the  east-bound  trains.  But  while  such 
a  rule  may  work  well  enough  on  most  divisions,  it  may  work 
very  unfavorably  in  others. 

1068.  For  example,  on  the  New  York,  Pennsylvania  &  Ohio 
Railroad,  the  general  rule  that  east-bound  trains  had  the  right 
of  way,  which  was  well  enough  for  the  remainder  of  the  road,  had 
(and  probably  still  has)  the  effect  on  the  Mahoning  Division  to 
compel  the  heaviest-loaded  trains  to  stop  and  take  the  sidetrack, 
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on  a  curve,  when  half  up  a  long  maximum  grade,  to  let  trains 
always  more  lightly  loaded  pass  down  hill  at  full  speed  past  them. 

Such  cases  are  not  infrequent,  and  come  to  be  looked  upon  as 
matters  of  course;  but  it  is  needless  to  say  that  they  can,  when 
occasion  arises  to  make  it  expedient,  be  modified  if  necessary  (i) 
by  reversing  on  one  division  the  usual  rule  as  to  which  trains  have 
right  of  way  ;  (2)  by  giving,  at  some  given  station  or  stations, 
trains  going  in  one  direction  the  right  to  hold  the  main  track  and 
require  an  opposing  train  to  take  side  track,  regardless  of  which 
has  right  of  way;  (3)  by  favoring  trains  in  dispatchers' orders,  as 
before  suggested. 

Thus,  in  one  way  or  another,  it  may  generally  be  effected 
that  trains  passing  in  one  direction  past  some  one  station  on  a 
division,  at  least,  witli  unfavorable  grades  which  cannot  other- 
wise be  remedied,  shall  not  be  compelled  to  stop  at  it. 

1069.  (t)  At  large  stations,  where  there  is  most  likely  to  be  diflS- 
culty  or  great  expense  in  adopting  any  of  the  preceding  meth- 
ods, a  switch-engine  which  it  is  found  necessary  to  keep  at  the 
station,  but  which  is  not  kept  very  busy,  may  be  utilized  to  help 
trains  through  the  yard,  and  perhaps  also  over  some  unfavor- 
able grade-crossing,  which  is  particularly  likely  to  come  near 
to  such  a  station.  If  the  traffic  of  the  line  be  very  heavy  this 
may  not  he  possible;  but  in  that  case,  as  a  last  resort,  an  engine 
may  be  stationed  at  the  yard  for  the  sole  purpose  of  helping 
trains  tli rough  it.  By  modifying  the  position  of  the  tele- 
graph office  it  may  in  general  be  arranged  that  the  use  of  such 
an  engine  shall  cause  no  extra  stoppage  of  the  train.  In  fact,  on 
many  lines  of  heavy  traffic,  as  for  instance  the  Hudson  River 
Division  of  the  New  York  Central  Railroad,  pusher  engines  are 
used  to  help  trains  over  short  grades  without  stopping  trains  at 
all,  the  pushers  coming  up  behind  the  train  as  it  passes  a  switch, 
running  two  or  three  milles,  and  returning  on  the  same  track, 
protected  by  a  flag. 

1070.  The  best  method  of  determining  how  much  can  be  ef- 
fected in  these  various  ways  is  by  observations  of  the  variations 
of  velocity  in  the  handling  of  heavy  trains  on  the  present  line  in 
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a  manner  shortly  to  be  described.  In  this  way  we  eliminate  the 
necessity  of  considering  and  allowing  for  a  long  list  of  doubtful 
elements — which  throw  a  haze  of  uncertainty  over  any  computa- 
tion in  which  they  must  be  separately  estimated  or  guessed  at — 
by  simply  determining  by  direct  observation  the  resultant^  so  to 
speak,  or  net  effect  of  them  all.  For  lack  of  definite  knowledge 
on  a  number  of  variable  elements,  it  is  difficult,  if  not  impossible, 
either  to  compute  or  to  observe,  separately,  either  the  power  of 
the  engine  or  the  whole  resistance  of  the  train,  but  we  can  de- 
termine, very  accurately  and  simply,  the  relation  which  the  one 
bears  to  the  other — which  is  all  that  really  concerns  us — in  this 
way  : 

I.  When  the  engine  at  any  given  point  on  the  open  road 
LOSES  SPEED,  it  is  proof  that  working  with  the  given  steam-pres- 
sure and  point  of  cut-off  it  is  overloaded,  and  the  amount  of 
velocity  lost  can  be  made  a  measure  of  how  much  it  is  over- 
loaded (par.  400  et  a/.). 

II.  Conversely,  if  the  engine  gain  speed  at  any  point  on  the 
open  road,  under  given  conditions  of  steam -pressure  and  cut-off, 
it  is  a  proof  that  it  is  underloaded,  and  the  observed  variations 
of  velocity  can  be  made  to  accurately  indicate  how  much. 

III.  If  an  engine  acquires  speed  in  starting  very  quickly, 
under  given  conditions,  without  slipping  the  wheels  or  using 
sand,  etc.;  or,  on  the  contrary, 

IV.  If  the  engine  start  very  slowly,  or  not  at  all,  without 
slipping  the  wheels  or  using  sand,  or  both — the  observed  facts 
may  be  made  a  measure  for  accurately  determining  what  train  it 
could  start  under  similar  conditions  with  fair  working  efficiency. 

1071.  By  velocity  observations  of  the  nature  above  indicated 
under  varying  conditions  of  wind,  weather,  temperature,  long  and 
short  trains,  loaded  and  empty  cars,  etc.,  etc.  (all  of  which  can 
be  observed  on  trains  by  simply  waiting  for  suitable  opportuni* 
ties  without  affecting  or  interfering  with  normal  operating  prac- 
tices), we  have  a  positive  basis  for  determining  from  what  is 
done  under  those  conditions  whether  or  not  the  comparative 
rafio  of  power  to  resistance  on  various  parts  of  the  line  is  seri- 
ously imperfect. 
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In  other  words,  we  can,  by  the  simple  observations  suggested 
and  to  be  described,  construct  a  virtual  profile  of  the  road 
under  all  extremes  of  external  conditions.  We  can  then  com- 
pare these  virtual  profiles  and  determine  whether  or  not  a  given 
set  of  improvements  which  produce  a  desired  uniformity  of  re- 
sistance under  one  set  of  conditions,  as  fair  summer  weather  and 
heavy-loaded  tr:*ins,  will  have  as  great  comparative  value  in 
stormy  winter  weather  with  long  trains  of  empty  cars. 

Positive  determinations  of  any  one  of  the  following  doubtful 
elements  we  save  the  need  of  altogether: 

The  ratio  and  amount  of  adhesion* 
The  cylinder- power. 

As  respects  t/,e  engine...  {  The  steam  power. 

^  ^  The  head  resistance. 

The  rolling-friction  and  friction  of  machinery. 
The  gain  from  using  sand. 

f  The  rolling-friction. 

As  respects  the  cars |  The  wind  resistance. 

[  The  effect  of  number  and  load  of  cars. 

C  The  effect  of  temperature,  state  of  rail. 
^s  respects  the  train  as  \  The  extent  to  which  momentum  may  be  rc- 

a  iL'hole I       lied  upon  to  help  trains  over  short  heavy 

\      grades. 

1072.  To  accomplish  these  ends  the  system  of  observation 

should  in  detail  be  as  follows: 

The  only  iipparatns  or  previous  preparation  necessary  is  a  series  of 
distance-stakes  alonj^  the  line,  a  stop-watch,  and  a  note-book,  with  an 
observer  on  the  engine  (at  times),  also  provided  with  a  note-book. 

The  stakes  are  set  at  various  governing  points  on  the  line  where 
speed  observations  are  desirable.  They  should  be  of  a  size  and  color  to 
be  easily  visible,  and  should  be  .set  throughout  the  road  at  some  fixed 
and  uniform  distance  apart.  Boards  fastened  to  the  fence  may  be  more 
convenient  than  stakes.  It  is  unimportant  to  place  them  with  ref- 
erence to  mile-posts,  but  they  should  be  .set  at  top  and  bottom  of  every 
doubtful  grade,  and  at  the  uj>-gra(le  starting-point  at  every  station  and 
stopping-place  which  either  is  or  may  become  in  any  way  a  difficult 
point,  requiring  consideration.  It  ran  do  no  harm  to  place  them  at  all 
stations,  as  comparisons  may  be  instrurtive. 

A  train  moving  at  lo  miles  prr  h«>ur  passes  over  1467  feet  per 
second.     As  our  time  observations  must  be  in  seconds,  it  will  be  more 
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t  ihese  stakes  at  some  multiple  uf  14  67  feet  apart,  thus 
milking;  all  velocity  records  throughout  readily  convertible  into  miles 
per  hour  from  speed  notes  in  seconds.  -  A  suitable  disunce  is  14.667  x  20 
Of  293  33  feet.  1(  set  at  that  distance  a  train  which  passes  over  the 
distance  between  any  two  stakes  in 

30  seconds  is  moving  at  10   miles  per  hour. 
" '3i       ■■ 


In  otlier  words,  rtciprocal  of  A  seconds  X  2oo  =  vel.  in  miles  fier  kottr 
between  the  two  stakes;  a  very  simple  computation  from  a  table  01  re- 
ciprocals  which  the  following  Table  301  will  save  the  need  of. 


Speed  in  Mil^s  Pek  Hour 


:o  THE  Time  in  Seconds  i 

'  293i  Feet. 


The  disposal  of  the  stakes  at  sijilions,  where  speed  is  slow, 
may  be  advantageously  modified  by  putting  in  hiilf-stations,  so 
that  tliey  are  only  146.67  feet  apart,  thus  giving  more  accuracy 
to  the  observations  ;  but  tliis  is  unessential,  and  does  not  modify 
the  principle. 
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1073i  Stop-watches  suitable  for  this  purpose  may  be  bought  of  any  dealet 
for  $7  to  $10  each.  They  read  to  quarter  or  fifths  of  seconds,  being  stopped 
and  the  hands  fixed  at  any  instant  by  the  movement  of  a  little  button.  Pres- 
sure on  another  button,  B^  Fig.  255,  restores  the 
hand  to  zero,  ready  for  another  start.  They  are 
generally  durable  and  reliable. 

Two  stop-watches  may  advantageously  be  pro- 
cured and  mounted  together  on  a  board,  the  starting 
buttons  being  connected  to  a  single  lever,  as  shown 
in  Fig.  255.  ill  such  manner  that  a  single  motion  of 
the  lever  will  start  one  watch  and  stop  the  other 
simultaneously.  This  will  throw  the  buttons  for 
turning  the  hand  to  o  on  the  outside,  so  that  they 
can  be  readily  used  without  danger  of  mistaking  one 
F'lG-  'ss*  for  the  other.     It  is  not,  however,  essential  that  in 

takinfr  a  series  of  say  five  or  six  observations  we  should  return  the  hand  to  zero 
each  lime.  We  may  simply  start  one  watch  and  stop  the  other  at  each  station 
and  note  the  actual  readings,  as  below  noted.  The  attachment  of  the  lever 
shoulii  be  so  devised  that  there  is  a  sint^le  point  in  a  central  position  of  the 
lever  where  neither  watch  will  be  started,  ivhicli  i^  a  simple  matter  to  do.  A 
single  "split-second"  waich  will  answer  the  same  purpose,  but  is  more  expen- 
sive. 

Some  brass  clips,  C,  for  inserting  a  memorandum  slip  near  to  the  watches 
may  advaniageously  be  placed  upon  the  board  to  which  they  are  attached,  and 
brackets  or  angle  plates  may  well  be  provided  for  readily  screwing  the  whole 
firmly  to  the  side  of  the  car.  It  is  convenient,  although  not  essential,  to  have 
an  observer  to  watch  and  call  off  the  instint  of  passing  each  stake,  so  that  the 
attention  need  not  be  distracted  from  accurately  taking  the  time  observations. 
A  little  stand  or  hook  to  carry  an  ordinary  watch  for  time  records  may  well  be 
added. 

1074.  The  records  of  a  series  of  six  or  oight  successive  observations 
at  any  desired  point  may  then  be  jotted  down  on  the  memcrandum  pad, 
to  be  worked  up  later,  or  on  the  spot,  since  they  are  likely  to  be  needed 
at  infrequent  intervals  only.  It  answers  every  useful  puri:)ose  of  a  dyna- 
mometer record,  for  the  fluctuations  of  speed  are  such  a  record. 

In  starting  out  from  a  station  the  intervals  of  time  will  be  consider- 
able, even  when  taking  half-stations  of  146.67  feet  each,  and  there  is  no 
difficulty  under  any  circumstances  in  taking  readings  with  all  essential 
accunicv. 

1075.  The  simple  preliminary  preparations  required  having  been 
made,  the  method  of  conducting  the  observations  of  the  actual  working 
of  trains  should  be  as  follows  : 
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Before  beginning  the  more  careful  and  accurate  work  a  series  of  com* 
paratively  rude  observations  may  well  be  made  in  which  exactitude  is 
not  desired  or  attempted,  solely  for  the  purpose  of  obsenring  the  varia- 
tions of  velocity  in  the  ordinary  routine  of  service,  and  to  learn  what  to 
expect  and  where  to  observe  most  carefully.  No  observer  on  the  engine 
is  needed  for  this  purpose,  and  it  is  as  well,  or  perhaps  better,  that  the 
trainmen  should  know  nothing  of  the  particular  purpose  in  view. 

For  the  more  formal  and  careful  observations  an  observer  on  the 
engine  is  necessary ;  and  it  is  desirable  that  the  train  should,  in  several 
instances  at  least,  be  run  on  an  accelerated  schedule,  and  that  the  engine- 
man  should  have  full  liberty,  and  indeed  express  instructions,  to  get  over 
the  ground  (and  especially  to  pull  out  from  stations)  as  rapidly  as  is  con- 
sistent with  due  caution  and  safety ;  in  other  words,  to  see  how  quickly 
he  can  run  over  the  division,  remembering  always  that  the  cylinder 
tractive  power  of  locomotive  is  very  different  at  high  speed  and  low 
speed  (par.  557  et  seq.), 

1076.  The  duty  of  the  observer  on  the  engine  is  to  take  notes  from 
point  to  point  of  the  following  details;  not  for  the  purpose  of  making 
any  absolute  estimates  or  computations,  but  simply  to  have  a  full  record 
of  the  work  of  the  engine : 

(i)  The  steam-pressure,  by  record  of  fluctuations  of  the  steam-gauge. 
It  depends  largely  on  the  skill  of  the  fireman ;  how  much,  can  only  be 
determined  by  trial  of  different  men»  or  by  their  record,  if  on  a  road 
which  has  a  fuel  premium. 

(2)  The  point  0/ cut-off,  or  "  notch." 

(3)  The  slipping  of  wheels  and  the  use  of  sand.  The  record  as  to  the 
last  depends  very  largely  (par.  501)  upon  the  skill — and  even  in  some 
cases  on  the  good-will — of  the  engineman.  It  should  be  remembered 
that  he  can,  if  he  chooses,  slip  the  wheels  almost  anywhere,  and  he  will 
slip  them,  whether  he  wishes  to  or  not.  if  he  have  not  the  requisite  skill, 
or  is  not  disposed  to  be  careful.  Starting  is  ordinarily  effected  by  set- 
ting the  valves  in  full  gear  ahead  and  regulating  the  admission  of  steam 
by  the  throttle.  If  a  full  pressure  of  steam  be  admitted  too  suadenly, 
slipping  of  the  wheels  is  certain  to  ensue,  even  if  the  engine  be  hauling 
no  train  whatever. 

1077.  Too  much  importance  must  not  be  attached  to  such  slipping;, 
therefore,  since  it  is  more  or  less  a  regular  incident  to  handling  heavy 
trains  by  locomotives,  which  cannot  be  wholly  avoided  without  cutting 
down  trains  to  an  uneconomical  point,  nor  perhaps  even  by  doing  so,  as  is 
witnessed  by  the  slipping  which  goes  on  constantly  in  yard  work,  result* 
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seen  (par.  399);  but,  practically,  only  minor  variations  of  this 
kind  are  admissible. 

Secondly  (and  next  simplest),  by  using  pushers. 

Thirdly^  BY   rfxonstruction  or  amendment  of  the  actual 

profile. 

1083.  Let  us  suppose,  as  examples  are  most  readily  followed, 
that  these  observations  have  been  taken  and  the  virtual  profiles 
made  over  a  given  division  with  the  results  at  various  points 
outlined  on  the  following  Figs   257  to  264. 

Some  long  hard  pull  on  a  1.2  per  cent  grade  (63.36  feet  per 
mile)  shows  that  the  given  engines  can  handle  25  cars,  more  or 
less,  on  this  grade  with  great  ease,  except  in  very  unfavorable 
weatlier.  Under  fairly  favorable  conditions  the  velocity  gained 
without  overtaxing  the  boiler  capacity  is  such  as  to  indicate  a 
virtual  maximum  grade  of  1.4  per  cent,  or  even  more. 

The  same  is  true  at  a  number  of  minor  points  on  the  same 
division. 

In  pullmg  out  at  stations,  by  comparison  of  many  observa- 
tions, it  is  found  under  average  conditions  that  the  virtual  grade 
was  1.3  to  1.5  without  using  sand  (being  somewhat  lower  be- 
cause of  the  greater  journal-friction,  and  lower  because  the  full 
adhesion  was  more  nearly  used  and  there  was  less  air  and  other 
velocity  resistance),  while  when  sand  was  used  the  virtual  grade 
was  raised  to  r.6  or  1.8.  On  the  other  hand,  with  very  unfa- 
vorable weather  and  a  bad  rail,  the  virtual  profile  in  starting  is 
1.2  to  1.4,  even  with  use  of  sand. 

1084.  Under  these  conditions  we  have,  in  the  first  place,  an 
indication  that  the  trains  now  handled  on  the  road  as  it  stands 
are  somewhat  smaller  than  they  might  be — an  indication  which 
is  alone  worth  the  trouble  of  an  investigation  of  this  kind,  and 
can  in  no  other  way  be  so  accurately  determined.  Passing  that 
question,  however,  as  not  now  under  consideration,  we  have  a 
very  positive  indication  that  we  sliall  be  safe  in  assuming  that 
by  using  a  pusher  of  equal  power  over  the  worst  grade,  we  shall 
in  effect  reduce  it  to  the  equivalent  for  a  single  engine  of  a 
pusher  grade  of  1.2  per  cent,  which  is  (Table  182,  page  593)  0.45 
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per  cent  (23.8  feet  per  mile).  This,  therefore,  is  what  we  should 
try  for  over  the  remainder  of  the  division.  If  we  find  it  easy  of 
accomplishment,  we  may  consider  reducing  it  still  lower  and 
using  a  heavier  pusher  engine,  but  such  course  is  to  be  adopted 
with  caution. 

The  actual  grade  at  stations  on  this  grade  should  not  be 
more  than  0.5  for  at  least  700  ft.,  and  i.o  for  1000  ft.  beyond,  but 
by  use  of  sand  may  be  somewhat  higher  for  short  distances. 


a 


Over  the  remainder  of  the  division  we  are  liable,  at  various 
points,  to  have  cases  like  the  following: 

1085.  A  station  grade  at  A,  Fig.  257,  on  an  actual   grade  of 
0.6,  is  operated  very  easily  now,  the  train  quickly  getting  under 
way  even  without  the  use    **-*»^ 
of  sand.     By  taking  more  ^^•••^^^ 

time    for    starting    heavy 
trains  (say  attaining   full 

working  speed  at  ^)    the  Fig.  258.  ^^^"^v.  ^ 

virtual  grade  might  be  reduced,  perhaps,  to  .75,  but  it  is  neces- 
sary to  reduce  it  to  0.5  at  least,  and  if  possible  to  0.4,  the  actual 
grade  needing  to  be  considerably  less. 

The  neatest  and  most  effectual  method  is  to  remove  the  sta- 
tion at  once  from  A  to  B,  this  alone  having  the  effect  to  favor- 
ably modify  tlie  virtual  profile  far  more  than  was  desired,  giving 
that  shown  in  Fig.  258.  If  this  be  impossible,  the  next  best 
method  is  to  take  out  the  bad  gradient  in  the  virtual  profile  by 
raising  the  grade  at  A  on  the  actual  profile  to  A\  giving  it  the 
form  shown  in  Fig.  259.  Changes  of  this  kind  are  apt  to  be 
expensive  because  of  their  locality;  but,  on  the  other  hand,  they 
51 
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are  inexpensive  in  that  they  are  seldom  very  long.  The  effect  it 
to  substitute  (in  the  lower  iialf  of  the  diagram)  a  broken  actual 
but  good  virtual  profile,  in  place  of  a  good  actual  but  bad  virtual 
profile,  as  in  the  upper  half  of  Fig.  259. 

1086.  A  inodification  of  the  same  case  may  be  as  follows:  K 

sution  originally  well  situ* 

ated,  as  .S,  Fig.  260,  but 
which  has  been  complicated 
by  subsequent  additions  of 
grade-crossings  for  other 
lines  Cand  C*,  at  which  all 
trains  have  to  stop  and 
^*°*  '^^  start  again  on  a  grade. 

Tiie  first  and  best  remedy  for  this  evil  is  the  use  of  inter- 
locking signals,  saving  tiie  necessity  of  a  stop  except  to  let 
another  train  pass;  but  as  that  is  a  contingency  which  may  hap- 
pen not  infrequently,  it  can  never  be  a  perfect,  nor  in  some 
cases  sufficient,  remedy.     The  evil  may  also,  in  cases,  be  reme- 
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died  by  raising  the  grade  of  the  track  approaching  the  crossing 
as  outlined  at  Cand  C,  provided  the  inrtual  grade  of  the  approach 
be  not  increased  thereby  to  an  inadmissible  rate.  The  only 
remaining  course  is  either  to  use  a  yard  engine  as  a  helper  over 
the  crossings  or  to  boldly  lower  the  grade  by  passing  under 
each  road,  and  grading  a  new  road-bed  or  lowering  the  existing 
one,  for  which  room  may  be  so  scant  as  to  require  retaining- 
walls.  This  will  make  the  improvement  a  costly  one,  and  yet 
the  cost  will  probably  be  small  in  proportion  to  the  gain, 
unless  it  is  only  one  among  many  costly  improvements  required 
for  the  desired  end. 

1087.  At  large  towns  it  is  a  very  common  thing  to  find  the 
station  located  at  some  point,  like  S  ov  S'f  Fig.  261,  which  was 
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originally  fixed  more  with  reference  to  the  convenience  of  the 
town  than  to  the  grades.  This  is  of  course  the  proper  thing  to 
do,  and  a  decrease  of  station 
facilities,  or  a  change  causing 
inconvenience  to  the  patrons  of 
the  line,  will  in  general  be  inex- 
pedient. Such  large  stations, 
moreover,  are  generally  well  provided  with  side  tracks,  so  that 
the  result  is  that  they  are  largely  used  by  train-dispatchers  as 
passing  points. 

The  proper  remedy  in  such  cases  is  to  establish  sidings,  For 
y,  to  serve  as  passing  points  for  through  trains  only,  with  a 
separate  telegraph-office,  leaving  the  local  facilities  undisturbed. 
This  requires  the  services  of  two  operators  to  do  the  work  of  one, 
and  perhaps  one  or  two  other  otherwise  needless  employ6s,  but 
the  wages  of  one  train  crew  for  a  single  trip,  it  should  be  re- 
membered, will  pay  the  wages  of  a  good  operator  for  a  week. 

1088.  The  case  sketched  in  Fig.  261,  moreover,  is  one  of 
those  where  the  whole  difficulty  in  handling  heavier  trains  may 
be  made  to  vanish  by  a  modification  of  the  system  of  dispatch- 
ing, to  the  effect  that  only  trains  going  down  grade,  or  say  east, 
shall  be  held  at  this  station  and  compelled  to  take  side  track 
(except,  of  course,  in  emergencies),  especially  if  there  be  another 
regular  station  near  to  it,  as  For  y,  which  may  be  used  as  a 
passing  point,  by  holding  one  or  the  other  train,  in  case  it  is  im- 
possible for  the  eastward  train  to  reach  S  ov  S^  first.  It  is  not 
essential,  although  it  is  convenient,  that  a  dispatcher  should  feel 
at  liberty  to  hold  any  train,  bound  either  way,  at  any  station,  in 
the  regular  routine  of  business,  provided  that  to  do  so  interferes 
with  a  material  addition  to  the  train-load.  It  is  the  rule  and 
not  the  exception,  however,  that  he  can  and  does  do  so. 

1089.  The  decision  as  to  what  course  to  adopt  for  modifica- 
tions of  gradients  on  the  open  road  is  a  much  simpler  matter 
than  at  stations.  The  vital  point  to  be  determined  in  the  begin- 
ning, before  studying  the  details  of  the  various  difficult  points  at 
all,  is  what  rate  of  speed  is  practicable  and  allowable  at  the  foot 
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M  :  .c  grade,  which  laTg^ciy  depends  on  the  ali^ment.  The 
modcrr.  :eaiency  is  very  decidedly  to  permit  of  higher  speed  in 
nasiling  I'r^igh:  :r<i:n>.  and  it  is  essential  to  do  so  at  points  to 
h^n  j>  \\it  maximum  train  on  all  undulating  gradients.  The 
prrbable  :n:rcvdi:c::on  in  the  near  future  of  freight- train  brakes 
a::i  m?re  :nec:.ar.:cal  coupling  devices  than  are  now  in  use  will, 
wj'.en  accc'm:>:i>hed.  ereailv  increase  the  admissible  maximum 
o:  speed  for  equal  safety:  but  even  as  freight  equipment  stands 
a:  present  it  is  probable  that  30  or  35  or  even  40  miles  per  hour, 
i>r  short  distances  at  sptecial  points  (the  writer  must  not  be 
unierstood  to  recommend  the  latter  speed),  are  quite  as  safe  as 
5c  to  65  miles  per  hour  for  passenger  trains.  It  has  been  tolerably 
well  determined  (pa:.  664  ft  al.)  that  higher  speeds  than  15  miles 
per  hour  are  more  economical  for  freight  trains;  and  the  not  un- 
common feeling  that  any  speed  of  over  15  or  20  miles  per  hour 
verges  on  the  dangerous  is  in  part  a  relic  of  the  old  days  of  iron 
rails,  poor  ballast  and  road-bed,  and  less  solidly  constructed  roll- 
ing-stock. 

1090.  Therefore,  when  required  for  reducing  virtual  gradients 
by  taking  a  "run  at  them,"  as  part  of  a  general  system  of  im- 
provemenis,  a  speed  of  30  miles  per  hour  (which  takes  31.95  ver- 
tical feet  out  of  the  depth  of  a  hollow;  Table  118)  should  be 
freely  permitted  and  counted  on,  with  fair  alignment;  and  with 
a  tangent  in  the  hollow  of  the  gradients  this  limit  may  in  gen- 
eral be  safely  increased  to  35  miles  (43.49  vertical  feet),  if  that 
speed  seems  essential.  These  speeds  and  even  higher  ones  are 
now  frequently  used  in  handling  freight  trains  on  many  lines. 
Whatever  the  limit  adopted,  however,  it  should  be  determined 
•n  advance,  by  reference  to  the  records  obtained  as  already  de- 
scribed, and  especially  with  careful  consideration  as  to  whether 
the  assumed  speed  can  with  certainty  be  counted  on  as  attainable  at 
the  given  point.  Unless  there  be  a  descending  gradient  in  the 
approach  so  as  to  give  the  required  speed  quickly,  the  high  speeds 
mentioned  cannot  be  counted  on  safely. 

1091.  This  preliminary  being  determined  and  the  present  and 
desired  gradients  being  the  same  as  already  assumed,  viz.,  1.2 
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actual  and  0.45  desired,  Figs.  262  to  265  Will  serve  as  types  of  all 

the  cases  whicli  can  arise  on  the  open  road.    In  Fig.  262  let  AB 

be  a  long  i.o  per  cent  grade  with 

curved  alignment  at  B  so  that 

more  than  30  miles  per  hour  is 

not  deemed   safe  at  that  point, 

but  that  or  even  higher  velocity 

is  easily   attainable.      With  the 

short  trains  heretofore  in  use  the  grade  has  not  been  a  difficult 

one,  so  that  the  virtual  profile  obtained  in  observations  on  trains 

as  now  run  has  been  nearly  parallel  with  the  grade,  the  speed 

being  lower  at  B  and  higher  at  A  than  was  necessary.     It  is  de* 

sired  to  determine  to  what  extent  (i.e.,  for  what  length)  such  a 

grade  can  be  operated  as  a  virtual  0.5  gradient. 

1092.  A  certain  speed  at  A^  not  less  than  10  miles  per  hour 
(3.55  vertical  feet),  must  be  assumed,  as  a  margin  for  error, 
whether  there  be  a  station  at  A  or  not  (par.  1095).  Then  31.95  —  3.55 
=  28.4  vertical  feet,  as  tlie  maximum  through  which  momentum 
can  be  relied  on  to  lift  the  train.  Moreover,  the  actual  grade  i.-o 
—  0.5  (assumed  virtual  grade)  =0.5  feet  per  station  as  the  defi- 
ciency in  power  of  the  locomotive  which  must  be  made  up  by 

28  4 
momentum.     We  have  then  — '—  =  56.8  stations,  or  over  9  mile, 

0.5       •*  ^ 
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or  56.8  vertical  feet  of  rise,  as  the  length  of  this  grade  which  it 
is  possible  to  operate  in  this  manner.  If  the  grade  be  longer  or 
shorter  than  this,  the  overplus,  but  the  overplus  only,  must  be 
taken  out  by  new  construction,  either  by  raising  the  grade  at  B 
or  (what  is  better)  lowering  it  at  A,    If  the  grade  were  ten  stations 
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longer,  those  ten  stations,  but  those  only,  must  be  reduced  to 
0.5  actual  grade  in  one  or  the  other  of  the  methods  outlined  in 
Fig.  263.  if  the  change  be  made  at  the  bottom  of  the  hill,  as  at 
By  we  siiall  have  the  disadvantage  that  on  the  whole  of  the  new 
0.5  gradient  a  speed  of  30  miles  per  hour  must  be  maintained  to 
have  the  desired  effect.  As  this  may  be  or  may  seem  objection- 
able, tlie  modification  may  need  to  be  more  extensive  to  effect 
the  desired  end,  and  should  be,  wherever  possible. 

1093.  Tiie  same  is  true,  in  less  degree,  of  the  change  at  the 
top.  The  train,  under  the  assumptions,  will  not  be  able  to  move 
faster  than  10  miles  per  hour  until  it  has  passed  entirely  over  it. 
Therefore  the  maximum  figures  for  the  gain  by  momentum 
should  be  used  only  for  determining  rM^M^r^^r  if^/tfir^rm^i^i^rtf/r^ 
of  the  grade  will  be  required.  If  it  is  even  then  found  necessary,  a 
more  liberal  margin  should  at  once  be  adopted,  if  attainable  at 
moderate  increase  of  cost,  as  it  generally  will  be. 

In  fact,  when  some  construction  in  any  case  has  been  once 
found  necessary  it  may  often  be  best  and  almost  as  cheap  to  take 
the  whole  hill  out  at  once  by  a  detour;  perhaps  making  the  new 
and  oUl  lines  together  serve  as  in  effect  a  double  track. 

1094.  It  is  to  be  remembered  in  considering  what  allowance 
it  is  safe  to  make  for  assistance  by  momentum,  that  in  many 
cases  an  error  in  the  estimate  of  the  possible  gain  from  that 
source  will  have  no  disastrous  consequences,  since  if  it  be  found 
lli.U  I  lie  assumed  sj^eed  was  too  great  to  be  relied  on  it  is  pos- 
sible at  any  time  ti)  raise  the  grade  three  to  five  feet  in  the  hol- 
low, as  outlined  in  Fig.  264,  and  thus  materially  reduce  the  speed 

required.  To  do  this  is  in 
most  cases  a  comparatively 
simple  matter,  since  the  fills 
need  not  be  very  long  to 
Y\c„<^l  raise  the  hollow  between  two 

gradients  by  a  considerable  amount.  If  the  two  gradients  are  i 
per  cent,  the  total  length  of  the  fill  is  only  200  feet  per  foot  of 
lift;  with  0.5  gradients,  400  feet  per  foot  of  lift;  and  with  1.5 
gradients,  133  feet  per  foot  of  lift,  etc.     To  make  fills  by  train  in 


>\ 
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such  locations,  even  if  of  considerable  magnitude,  is  rarely  ex- 
pensive, and  it  can  be  done  at  any  time  when  found  convenient 
and  essentiah  Therefore,  when  it  is  seen  that  a  not  excessive 
fill  will,  if  made,  fulfil  all  necessities,  it  is  proper  to  rely  quite 
largely  on  momentum  for  the  time  being,  if  by  so  doing  the  fill 
can  be  dispensed  with  for  a  time  at  least,  and  perhaps  forever. 

1095.  On  the  other  hand,  there  is  a  danger  connected  with 
the  study  of  such  virtual  profiles,  which  has  been  alluded  to 
above,  but  which  should  be  still  more  explicitly  pointed  out. 
When  the  question  whether  or  not  we  can  keep  within  a  certain 
virtual  gradient  is  at  stake,  as  in  Fig.  265,  it  is  in  no  case  safe, 
even  when  there  is  a  station  at  L:---» 

the  top  of  the  hill  at  A,  to  assume  ^^^vi!* -^^rr--?.-^ 

that  we  can  arrive  there  with  no  ^^"^^*S^    '^ — *^^a 

velocity,  and    can    consequently  ^"^^         * 

lay  the  virtual  gradient   directly 
on  the  actual.     It  seems  plausi-  '**'  *^** 

ble  that  we  can  do  this,  as  we  are  certain  that  we  shall  need  no 
velocity  at  A\  but  what  we  are  not  sure  of  is  of  never  falling 
below  the  desired  velocity  at  B^  and  if  we  do,  our  virtual 
gradient  is  at  once  increased.  If  we  assume  a  certain  moderate 
velocity  at  A,  say  10  miles  per  hour  (3.55  vertical  feet),  and  any 
maximum  velocity  deemed  reasonable  at  B^  as  in  cases  where  no 
stop  is  contemplated,  we  are  safe,  because  our  velocity  at  -5  may 
then  fall  quite  a  little  below  that  assumed  without  endangering 
our  arriving  at  A  with  some  velocity,  so  as  to  float  the  train  over 
it;  but  if  we  assume  we  are  to  arrive  at  A  with  no  velocity,  sim- 
ply because  the  train  must  stop  there,  we  are  liable  not  to  reach 
there  at  all.  No  advantage  can  be  assumed,  therefore,  from  the 
fact  of  a  stop  at  the  top  of  the  gradient  more  than  would  exist  if 
there  were  to  be  no  stop  there  at  all.  In  either  case  we  must  be 
sure  of  reaching  the  top,  and  in  neither  case  is  it  important  to  be 
sure  of  more  than  that. 

1096.  The  temptation  may  be  great  to  fall  into  this  plausible 
error,  when  an  estimate,  perhaps,  must  be  kept  very  close  to  have 
the  work  go  through  at  all,  and  when  there  maybe  an  expensive 
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bridge  at  By  making  it  difficult  to  lift  up  the  grade  at  that  point; 
but  if  a  reasonable  velocity  at  B  and  some  velocity  at  A  will  not 
suffice,  there  is  notliing  for  it  but  either  to  raise  the  bridge, 
lower  the  station,  increase  the  distance  between  them,  or  give  up 
the  desired  virtual  maximum  as  unattainable. 

1097.  By  attacking  the  work  of  improving  old  lines  in  the 
method  here  outlined,  halving  the  more  formidable  and  inevi- 
table grades  at  once  by  using  a  pusher  on  them,  without  spend- 
ing a  dollar  on  them,  and  spending  all  our  money  on  what  were 
before  the  very  easy  grades,  and  hence  are  usually  in  light  work, 
the  average  train-load  may  be  doubled  at  small  cost  on  thousands 
of  miles  in  this  country  ;  whereas  by  merely  attacking  the  heav- 
iest grades  which  show  on  the  profile  with  force  and  arms,  so  to 
speak,  a  great  deal  of  money  must  be  spent,  and  there  will  be 
mparatively  little  to  show  for  it. 
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CHAPTER   XXV. 

GRADE-CROSSINGS   AND   INTERLOCKING. 

1098.  The  multiplication  of  grade-crossings  has  become  a 
great  and  serious  question,  especially  in  the  West.  The  topo- 
graphical conditions  in  the  East  greatly  restrict  the  danger  from 
such  crossings,  as  well  as  their  frequency;  but  throughout  vast 
regions  of  the  West  there  is  absolutely  nothing  to  prevent  a 
railway  being  built  from  anywhere  to  anywhere  in  very  nearly 
an  air-line  by  accepting  "moderate"  grades  of  40  to  80  ft.  pet- 
mile.  As  a  consequence,  many  important  lines  have  little  or  no 
assurance  that  crossings  may  not  be  demanded  of  them  sooner 
or  later  on  any  single  mile  of  their  track,  and  it  becomes  of  great 
importance  to  determine  how  strenuously  they  should  oppose 
such  crossings,  what  expense  they  may  and  should  incur  to 
avoid  them,  and  what  can  be  done  to  reduce  their  disadvantages 
to  a  minimum  when  unavoidable. 

The  problem  has  been  greatly  simplified  in  recent  years  by 
the  fact  that  the  disadvantages  of  grade-crossings  may  be  largely 
diminished,  and  sometimes  almost  destroyed,  by  the  use  of  inter- 
locking apparatus,  as  we  have  seen  in  par.  1086  and  elsewhere; 
but  while  there  were  in  1885  some  60  railways  in  the  United 
States  using  interlocking  more  or  less,  the  total  amount  in  use 
was  considerably  less  than  on  the  London  &  Northwestern 
alone. 

1099.  There  are  18  different  sizes  of  standard  signal-cabins  on  the  London 
&  Northwestern  Railway,  which  are  : 

A.  5   levers,    6    X    6  ft.  D.  20  levers.  16  ft.  2^  in.  X  12  ft. 

B.  10       "         9    X    9  ft.  (and  so  on  to— ) 

C.  15       "        13I  X  12  ft.         ,     T.   180  levers.  96  ft.  6  in.  X  12  ft 

The  usual  rule  being  that  the  cabins  arc  all  12  ft.  wide  and  are  6  in.  long  per 
lever,  plus  about  6J  ft.     There  arc  1344  of  these  cabins  on  1753  miles  of  road, 
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containtng  26.500  levers.  The  annual  aTerage  cost  for  mainteoatice  is  $187,000, 
which,  divided  by  the  number  of  levers  in  use  on  the  line,  comes  to  $7.07  per 
lever.  This  amount  includes  not  only  the  renewal  and  repairs  -of  the  loddog 
apparatus,  but  that  of  the  signal-cabins,  signals,  and  all  subsidiary  apparsins, 
and  also  the  cost  of  providing  any  new  and  additional  apparatus,  when  nndef 
$50.  The  amount  of  work  to  be  maintained  has  increased  80  per  cent  since 
the  year  1874,  while  the  cost  of  maintenance  has  only  increased  5}  per  cenL 

In  the  whole  United  States  there  are,  of  all  systems  (1885),  somewhat  less 
than  250  cabins  and  3000  levers,  or  but  about  one  fifth  as  many  cabins  and 
about  one  ninth  as  many  levers  as  are  in  use  on  the  London  &  Northwestern 
alone. 

1100.  In  England  there  are  practically  no  grade-crossingrs 
of  railways,  and  this  apparatus  is  used  chiefly  for  yards  and 
junctions.  In  America  there  are  a  great  many  grade-crossings, 
even  on  important  lines;  but  the  clumsy  and  costly  precaution 
of  a  full  stop  of  every  train  at  every  crossing  is  still  the  rule,  al- 
though it  can  hardly  be  that  such  an  absurd  relic  of  barbarism 
will  linger  much  longer,  now  that  there  is  a  considerable  and 
increasing  number  of  grade-crossings  operated  without  a  stop 
by  the  aid  of  interlocking  apparatus,  and  always  with  perfect 
safety  and  success. 

1101.  In  part,  the  slow  progress  in  this  matter  is  easily  ex- 
plained. The  great  loss  and  delay  from  grade-crossing  stops 
goes  on  quietly  and  silently,  sapping  the  life-blood  of  the  com- 
pany, as  do  the  consequences  of  bad  location  (page  2),  without 
interfering  much  with  the  routine  of  operation,  and  at  points 
removed  from  the  managing  officers'  immediate  observation^ 
whereas  the  difficulties  at  yards  obtrude  themselves  on  atten- 
tion, and  many  of  the  most  crowded  yards  have  passed  the  limit 
of  their  capacity  without  some  such  mechanical  aid. 

1102.  Nevertheless,  from  an  economical  point  of  view,  abol- 
ishing the  stop  at  grade-crossings  is  by  far  the  most  important, 
especially  when,  as  is  so  frequently  the  case,  they  reduce  the  num- 
ber of  cars  hauled  below  what  it  otherwise  would  be.  To  reach 
this  conclusion  we  need  not  adopt  any  of  the  wild  estimate! 
which  give  the  cost  of  a  stop  at  anywhere  from  a  dollar  upw 

-Without  going  elaborately  into  the  details  of  the  estimate,  t0 
discuss  which  properly  by  items  would  take  considerable  spacq. 
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frotn  30  to  60  cents  may  fairly  be  taken  as  the  cost  of  a  stop, 
apart  from  all  effect  on  length  of  trains.  An  estimate  of  40  cts. 
per  stop  for  average  trains  on  lines  doing  considerable  through 
business  can  hardly  be  considered  excessive,  and  at  this  rate  the 
cost  per  year  of  each  train  per  day  stopping  at  the  crossings  is 
365  X  40  =  $146  per  year.  If  therefore  there  is  an  average  of 
ten  trains  per  day  each  way  for  each  of  the  roads  which  cross 
(and  the  average  at  grade-crossings  would  probably  be  more 
rather  than  less  than  this),  we  have  $146  X  10X2X2  =  $5840 
as  the  annual  loss  to  both  roads  from  the  fact  of  the  existence  of 
this  crossing. 

1103.  The  cost  of  saving  this  loss  by  constructing  a  new  line 
or  by  interlocking,  will  vary  more  or  less  with  the  locality  and 
in  less  degree  with  the  system  of  interlocking  adoptied  ;  but  the 
variation  in  the  latter  respect  is  not  important,  and  the  outside 
limit  for  a  complete  system  of  interlocking  switches  and  signals 
for  either  single  or  double  track  (it  makes  little  differenoe 
which),  by  one  system  of  approved  excellence  may  be  stated  to 
be  from  $2500  to  $4000,  averaging  $3000.  This  includes  eight 
signals  (four  "home"  or  near  signals,  and  four  distant  signals, 
two  for  each  track),  four  derailing  switches,  one  for  each  trac|c, 
which  throw  the  train  off  onto  a  graded  road-bed  (having  no 
rails  and  ties  for  only  a  short  way),  if  the  signal  be  carelessly  run 
by,  and  (for  a  separate  sum  of  $400),  electric  locking  apparatus 
which  renders  it  impossible  to  change  the  signals  after  a  train 
has  once  passed  the  first  distant  signal  until  it  is  over  the  cross- 
ing. The  cost  of  the  building  and  of  erection  is  included  in 
the  above. 

One  man  only  is  required  to  attend  to  the  signals,  as  is  re* 
quired  without  interlocking,  and  his  wages  need  be  little  if  any 
higher,  so  that  this  item  may  be  considered  unaffected. 

1104.  Even  with  the  lightest  ordinary  traffic,  therefore,  the 
lowest  reasonable  estimated  cost  of  stop,  and  the  highest  prob- 
able rate  of  interest,  the  sum  saved  annually  is  far  more  than 
enough  to  cover  the  additional  expense  of  thoroughly  protecting  a  grade- 
crossing   so   that  no  stop  need  be   made,   without  considering   the 
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greater  safety  and  convenience.  At  more  importaot  crossings 
it  would  be  hard  lo  find  a  clearer  case  of  an  expedient  inaprove- 
ment«  even  if  the  stops  do  not  cut  down  the  length  of  train. 

1105.  Ii  the  length  of  train  is  cut  down,  so  as  to  tnkc,  say, 
21  instead  of  20  trains  per  day  to  handle  the  traflic,  the  verj 
lowest  cost  for  which  the  extra  train  can  be  run  is  (Table  176) 
35  to  4c  cents  per  train- mile  ifor  an  average  cost  of  70  to  80 
cents),  or  s^y  $38  for  a  trip  of  100  miles,  amounting  to  $13,870  per 
annum,  or  $693.50  for  each  of  the  20  trains,  or  $1.90  per  stop  (if 
only  one  >top  causes  the  decrease  of  train-load)  ix  AODITIOK  TO 
THE  DIRECT  COST  of  the  stop.  In  such  cases,  of  which  there  are 
many,  it  is  CLiip^:b'.e  fo'.Iy  to  iielay  availing  one's  self  of  so  cheap 
and  easy  a  remevly  for  such  '.osses  as  interlocking  affords,  if  the 
co::dit:ons  are  not  favorable  for  the  still  better  and  in  the  end 
often  ehci^per  remedy,  an  over-  or  under-crossing. 

1106.  A  fact  whicli  explains  rather  tlian  excuses  the  prevail- 
ing negiigcnce  in  this  matter  is  this, — that  the  protection  of 
grade-crussings  requires  the  joint  action  of  two  roads,  usually 
untjer  different  and  often  under  antagonistic  management,  and 
it  requires  no  liiilcr  negotiation,  and  a  conciliatory  spirit  on  both 
sides,  to  arrange  the  details  of  the  distribution  of  the  expense. 

It  can  hardiv  be  doubted  that  this  difficultv  is  a  serious  one, 
and  it  is  largely  tiie  fault  of  the  laws  winch  authorize  the  use  of 
interlocking  as  a  substitute  for  stops.  By  some  singular  over- 
sight, all  these  ia.vs  as  yet  passed  (1SS6)  authorize  roads  to 
"agree"  on  putting  in  interlocking,  but  do  not  provide  a  way  by 
which  one  road.  anx:ous  to  act  under  the  law,  can  compel  an- 
other road  to  accept  a  reasonable  settlement  by  arbitration  or 
otherwise,  unless  it  chooses  to. 

1l07t  The  provisions  of  the  State  laws  as  to  dispensing  with  mrting  su>|it 
may  be  briefly  summarized  as  follows  : 

The  Massachi'SETTS  law  passed  in  i5S2.  afier  somewhat  urgent 
dations  by  its  Commission,  which  were  at  the  time  regarded  by  numj 
what  heretical  (because  the  public  knowledge  of  interlocking  was  mnch 
than  it  is  now.  even  among  railroad  men>.  provides  that  "The  approval  of  Cke 
Board  shall  be  required  for  a  system  of  signals  to  be  established  and  main- 
tained in  concert"  by  railroads  which  cross  each  other,  but  that  a  foil  stop  shall 
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not  be  dispensed  with  "  unless  a  system  of  interlocking  or  of  automatic  signals, 
approved  in  writing  by  the  Board,  is  adopted  by  both  corporations** 

Ohio,  at  almost  the  same  time,  provided  by  law  that  **any  works  or  fix- 
tures"  approved  by  the  Commissioner  of  Railroads  and  Telegraphs  as  render- 
ing it  safe  to  dispense  with  stops,  plans  having  been  filed  with  him,  shall 
dispense  with  the  necessity  of  a  stop;  and  if  the  Commissioner  shall  fail  to 
approve  the  plan  within  twenty  days,  '*  such  companies**  may  apply  to  the  Court 
of  Common  Pleas,  where  appropriate  action  will  be  held.  This  enactment 
seems  to  require  not  only  that  both  companies  shall  consent  passively,  but 
that  ihey  shall  unite  in  active  legal  proceedings  to  avert  a  decision  which  might 
be  not  unwelcome  to  one  of  them. 

Michigan  (1883)  passed  first  a  very  absurd  enactment  that  "authority  is 
hereby  given  to  said  Commissioner,  and  it  shall  be  his  duty,  if  he  shall  deem  it 
practicable,  to  prescribe  the  use  of  the  interlocking  switch  and  signal  system, 
provided  that  at  crossings  where  all  trains  come  to  a  full  stop  no  other  system 
than  that  requiring  such  stop  shall  be  prescribed." 

The  absurdity  of  thus  cutting  off  one  of  the  chief  advantages  of  interlocking 
signals  struck  the  Legislature  almost  immediately,  however,  and  another  act  of 
the  same  session  provided  that  "whenever  there  shall  be  adopted  and  used  at 
any  such  crossing  an  interlocking  switch  and  signal  system,  or  other  device," 
which  the  Commissioner  thinks  makes  it  safe  to  dispense  with  a  stop,  he  may 
authorize  it  in  writing,  with  any  regulations  as  to  speed  or  other  matters  which 
he  deems  necessary,  and  with  power  to  revoke  his  action. 

In  the  strict  letter  of  these  laws,  the  Commissioner  may  prescribe  automatic 
signals  without  dispensing  with  a  stop,  but  can  only  authorize  the  stop  after  the 
apparatus  is  adopted  and  in  use.  Neither  is  he — what  is  a  more  serious  matter 
— given  any  specific  power  to  say  what  part  of  the  expense  each  of  the  two 
companies  concerned  shall  bear.  These  provisions  come  the  nearest,  however, 
of  those  of  any  State  to  providing  means  by  which  one  railway  which  is  anxious 
to  escape  from  the  burden  of  stopping  at  a  crossing  can  compel  the  other  bene- 
ficiary to  bear  its  fair  share  of  the  cost. 

The  Indiana  law  (1883)  is  merely  permissive,  authorizing  the  Auditor  of 
Slate  to  approve  interlocking  or  automatic  signals  at  crossings,  from  plans 
submitted  by  ''two  or  more  railroads,"  which  have  erected  or  are  about  to  erect 
them,  and  thereafter  to  authorize  the  omission  of  stops.  It  is  specifically  pro- 
vided that  such  signals  shall  not  be  "used  or  put  in"  at  any  crossing  "  to  the 
detriment  of  any  other  railroad  company,"  unless  with  the  consent  of  that  com- 
pany in  writing.  Under  this  provision,  the  manager  who  wishes  to  dispense 
with  twenty  different  crossings  must  first  undertake  the  interesting  task  of 
persuading  twenty  different  companies  that  it  will  not  be  "  to  their  detriment" 
to  do  so. 

The  New  York  law  (1884)  provides  that  the  requirement  of  a  full  stop  may 
be  dispensed   with   whenever  the   Board  of  Commissioners  "decide  it  to  b« 
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Unfortunately,  like  most  short  and  easy  cuts  to  justice,  it  is 
unequal  and  unfair  in  practice. 

The  theory  of  the  great  existing  railways  is  equally  simple, 
and  would,  if  it  were  allowed  to  prevail  in  practice,  be  equally 
unfair : 

1.  ''Our  railway  is  a  much  greater  public  benefit  than  these 
other  new  projects,  and  we  have  bought  and  paid  for  our  prop- 
erty. 

2.  "If  they  want  to  pass  over  our  property  they  must  keep 
out  of  our  way." 

1111.  This  preposterous  attitude — from  corporations  whose 
very  existence  was  made  possible  only  by  the  exercise  of  the 
supreme  power  of  the  State,  and  whose  very  nature  is  to  per- 
form one  of  the  duties  of  the  State  to  the  public — is  all  but 
universally  assumed  by  established  corporations  in  discussions 
of  crossing  cases  ;  except  in  those  cases  when  they  wish  to  build 
branches  or  sidings  over  a  rival's  road.  They  are  very  quick  to 
point  out  that  some  new  line  can  build  an  over-crossing  for  less 
money  than  they  lose  by  a  grade-crossing,  but  they  rarely  offer 
to  pay  a  reasonable  proportion  of  the  extra  cost  of  the  course 
they  desire.  Even  when  they  do  so,  there  being  no  recognized 
tribunal  to  decide  the  matter,  they  will*  higgle  and  chaffer  over 
the  amount  to  be  paid  till  the  whole  negotiation  goes  for  naught 

1112.  The  solution  of  the  whole  matter  seems  comparatively 
simple.  The  law  very  properly  takes  the  position  that  mere 
priority  of  construction  shall  be  allowed  little  or  no  weight.  All 
railways  alike  are  supposed  to  be  of  pressing  necessity  to  a  cer- 
tain number  of  people — many  or  few,  as  the  case  may  be;  and 
the  necessities  of  even  a  very  few  are  given  greater  weight  than 
a  loss  and  inconvenience  which  is  comparatively  trifling  to  each 
individual  affected,  and  can  only  become  very  large  when  dis- 
tributed among  a  large  number  of  people.  This  is  right  and 
proper  as  far  as  it  goes,  but  the  law  should  also  take  this  further 
precaution  :  without  paying  any  attention  to  the  vested  interests 
concerned,  as  such,  it  should  endeavor  to  enforce  that  course 
which  is  for  the  best  interest  of  the  community  as  a  whoUy  and  which 
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involves  the  least  aggregate  waste  of  human  labor  and  property; 
and  it  should  endeavor  to  distribute  the  cost  of  so  doing  as 
nearly  as  may  be  in  proportion  to  benefits  derived,  and  in  such 
manner  that  each  party  shall  be  benefited,  by  taking  what  is 
abstractly  the  proper  course.  All  this  might  be  obtained  by 
sometiiing  like  the  following  simple  provisions  : 

1113t  I.  Every  railway  hereafter  attempting  to  cross  another 
at  grade  shall  be  obliged  to  erect  and  pay  for  a  system  of  inter- 
locking signals,  to  be  thereafter  maintained  at  the  joint  expense 
of  the  two  roads,  unless  it  shall  appear  that  less  than  twenty 
trains  per  day  pass  the  crossing. 

2.  Any  railway  may  at  any  time  erect  interlocking  apparatus 
at  any  grade-crossing,  and  half  the  cost  of  erection  and  subse- 
quent maintenance  shall  be  chargeable  to  the  other  party  con- 
cerned, with  certain  provisions  for  exceptional  cases  ;  and  also 
provided — 

3.  Either  party  wishing  to  avoid  a  grade  crossing  should  be 
at  liberty  to  locate  an  over-  or  under-crossing  on  unobjectionable 
gradients,  and  to  demand  the  appointment  of  arbitrators  in  the 
usual  manner.  It  should  be  the  duty  of  these  arbitrators,  ^rx/,  to 
determine  that  the  grades  and  alignment  of  the  new  line  are  of  a 
suitable  and  appropriate  character,  or  to  make  them  such ; 
secondly^  to  determine  the  excess  in  cost,  if  any,  of  the  over-cross- 
ing over  the  grade-crossing;  and,  thirdly^  to  assess  this  difference 
in  cost  upon  the  two  lines  in  proportion  to  the  benefit  to  each  of 
avoiding  a  grade-crossing. 

1114.  These  three  provisions  seem  calculated  to  accomplish 
what  every  good  law  ought  to  accomplish.  They  would  make 
it  for  the  interest  of  both  parties  to  take  that  course  which  would 
be  best  for  their  joint  interest,  if  they  were  one  corporation. 
Thus,  supposing  a  new  road  which  will  run  say  five  trains  a  day 
wishes  to  cross  a  trunk  line  running  50  trains  a  day.  The  actual 
loss  to  the  community  of  a  grade-crossing  at  such  a  place  is  the 
cost  of  stopping  55  trains  a  day,  and  no  one  has  a  right  to  en- 
force such  a  loss  upon  others  to  save  an  investment  of  a  few 
thousand  dollars.     On  the  other  hand,  if  the  new  project  wanted 
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to  cros<B  another  minor  line  like  itself,  running,  say,  five  trains  a 
day,  neitlier  road  would  be  likely  to  move  for  an  over-crossing, 
nor  perhaps  even  for  interlocking  signals;  nor  is  it  for  the  interest 
of  the  community,  considered  as  a  whole,  that  they  should  do  so. 
It  is  not  true  at  all  that  every  element  of  danger  must  be  wholly 
eliminated  before  any  saving  of  expense,  however  great,  is  per- 
missible, but  that  methods  which  are  at  once  more  dangerous 
and  more  costly  should  have  continued  in  such  wide  and  all  but 
universal  use  so  long  will  seem  in  later  years  a  strange  comment 
on  our  civilization. 
52 
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CHAPTER  XXVI. 

TERMINALS. 

1115.  Terminal  facilities,  or  the  lack  of  them,  have  so  mant 
times  been  a  leading  factor  in  the  success  or  failure  of  railways, 
and  are  in  all  cases  so  important  a  factor,  that  it  seems  desirabl« 
to  show  more  fully  than  has  been  yet  done  how  great  a  part  tncy 
are  of  the  investment  in  and  the  expenses  of  prosperous  lines, 
and  hence  how  dangerous  it  is  for  a  new  line  to  neglect  ample 
provisions  for  them.  This  perhaps  can  be  best  accomplished  in 
a  small  space  by  presenting  some  details  as  to  the  terminal  facil'- 
ities  at  a  few  great  traffic  points. 

1116.  Table  202  gives  an  unofficial  approximate  estimate,  com* 
piled  by  Gratz  Mordecai,  C.E.,  of  the  actual  capital  represented 
in  the  terminal  work  of  moving  and  handling  freight  by  the 
trunk-line  railroads  at  the  port  of  New  York.  It  includes  the 
work  of  handling  coal  on  the  Delaware,  Lackawanna  &  Western 
Railroad,  but  on  no  other,  and  only  includes  a  small  part  of  the 
expenses  of  handling  and  lighterage  of  grain,  oil,  and  live-stock« 
and  none  of  the  expenses  of  clerical  work  and  management  Ott 
any  of  the  roads.     It  may  be  summarized  thus  : 

Estimated  Cost  of  New  York  Terminal  Facilities, 

Capital     Cott        P  C 

sum,        per  of 

millions,     year,      total. 

200  miles  track @  $10,000      2.0      o.ia        •>• 

378  acres  yards @    52,000     20.0 

3.2  millions  sq.  ft.  piers @        i.oo       2.2 

t.o  millions  sq.  ft.  floor  area (^       0.80       1.6 

0.89  millions  sq   ft.  N.  Y.  city  stations @       6.00       5.4 

69  yard  engines  (cost) <§^      8.700       0.6 

44  propellers  (cost) @    25,000       i.i 

330  lighters  (cost) (g^     9.000       2.1 

Total  investment  charges 35  o       2.  i        38.S 

4,700  employes @  $2  per  day  47.0       2.82      5t-.i 

450  tons  coal  per  day @$4>  90      0.54       9.9 

Total 91.0      546     loac 
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The  only  direct  return  received  from  the  merchants  by  these 
railways  for  this  work,  the  plant  of  which  represents  an  aggi'e- 
gate  capital  of  at  least  $35,000,000,  and  the  power  and  force  em- 
ployed an  annual  expenditure  of  at  least  $3,500,000,  are  the 
charges  collected  for  long-distance  lighterage.  There  is,  how- 
ever, a  considerable  fixed  terminal  charge  of  five  cents  per  cwt., 
more  or  less,  which  is  credited  to  the  terminal  road  before  the 
division  of  rates  is  made  according  to  distance  (par.  210),  so  that 
the  roads  terminating  at  New  York  are,  perhaps,  less  burdened 
than  the  average  by  the  terminal  expenses.  Assuming  6  percent 
interest,  this  estimate  shows  a  total  annual  expense  of  $5,500,000, 
and  taking  into  account  clerk  hire,  management,  repairs,  taxes, 
light,  stationery,  insurance,  and  all  other  expenses,  the  total  is 
probably  not  far  from  §10,000,000,  or  an  average  burden  on  each 
ro;ul  of  §2,000.000  everv  vear. 

1117.  If  we  include  the  terminal  expenses  paid  by  the  indi- 
vidual shippers,  as  well  as  by  the  railways,  the  above  totals,  large 
as  they  are,  sink  into  insignificance.  It  was  estimated  in  1875 
by  a  committee  of  tlie  American  Society  of  Civil  Engineers  that 
on  some  4,632,000  tons  of  the  freight  delivered  at  New  York  the 
total  terminal  expenses  were  $3.07  per  ton,  or  about  three  fifths 
of  the  then  rate  (25  cts.  per  100  lbs.)  from  Chicago  to  New  York. 
The  total  receipts  at  New  York  in  that  year  were  about  15,000,000 
tons  of  all  kinds  of  freight,  and  on  half  of  this  the  cartage  charge 
alon**  was  estimated  at  $1.60  per  ton. 

Inasmuch  as  so  much  more  for  cartage  means  so  much  less 
available  for  freight  rates,  and  vice  versa,  on  a  large  proportion 
of  the  freight,  and  more  or  less  so  on  all  of  it  (par.  47),  we  have 
in  these  figures  some  indication  of  how  serious  a  deduction  the 
total  terminal  expenses  must  make  from  the  amount  available 
for  railroad  transportation  proper,  and  how  important  it  is  to 
have  terminal  facilities  of  the  best.  New  York,  however,  is  a 
true  terminal,  in  the  strict  sense  of  the  word.  Some  of  the  ter- 
minal points,  which  are  really  only  yards  of  interchange,  are  of 
even  greater  magnitude,  if  not  cost.  Lest  the  grcc  t  error  be 
fallen  into  of  assuming  that  the  terminal  facilities  at  New  York 
are  as  much  greater  than  those  at  other  citi:s,  as  New  York  is 
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greater  in  population,  some  notes  may  be  added  as  to  what  is 
really  only  the  largest  of  many  examples  of  interior  yards — those 
at  Buffalo,  N.  Y.  So  far  from  there  being  anything  exceptional 
in  the  New  York  terminals,  they  are  probably  smaller  in  extent 
and  cost  per  head  of  population  than  at  most  important  termi- 
nals, and  vastly  smaller  than  at  a  number  of  them. 

'1118,  The  statistics  presented  in  Table  203  of  the  yards  in  Buf- 
falo leave  no  reasonable  doubt  that,  of  its  kind,  it  is  the  greatest 
in  the  world.  How  much  of  this  abnormal  magnitude  is  the 
healthy  and  natural  result  of  peculiar  traffic  conditions,  and  how 
much  of  it  is  mere  fungous  growth  from  diseases  of  management 
whose  existence  is  universally  felt,  it  would  be  useless  to  inquire 
here,  because  as  things  are  it  is  all  necessary,  and  there  is  no  im- 
mediate evidence  of  any  probable  change.  The  headings  to  Ta- 
ble 203,  in  which  fourteen  different  kinds  of  side  tracks  are  spe- 
cified, will  at  once  explain  in  part  why  so  much  of  some  of  them 
is  necessary.  In  the  aggregate  there  is  a  total  of  some  300  miles 
of  side  track  within  an  area  of  some  eight  square  miles  (about  \\ 
by  5^  miles,  5.63  square  miles  being  actually  owned  by  the  rail- 
ways within  the  city  limits),  which  it  is  expected  to  increase  in 
the  near  future  to  some  450  to  500  miles,  mostly  by  accessions  to 
the  trackage  of  the  newer  lines  entering  Buffalo,  and  required  by 
them — as  will  be  seen  by  the  detailed  table — to  afford  to  them  no 
greater  facilities  than  the  older  lines  already  enjoy.  The  lease 
of  the  West  Shore  to  the  New  York  Central  saved,  it  is  estimated 
(somewhat  liberally,  it  would  appear),  the  construction  of  as 
much  as  50  miles  of  track  which  would  otherwise  have  been  ne- 
cessary, but,  barring  that,  there  is — 

t Miles.  » 

Single  track. 
Tracks  of  all  kinds  in  city  limits  of  Buffalo  or  immediately  ad- 
jacent thereto 436.1 

And  to  be  laid  by  the  new  roads  (chiefly)  now  imperfectly  sup- 
plied    176.0       612.X 

Of  this  there  is  main  tracks  including  three  double-track  lines 
swinging  around  the  city  to  a  connection  with  the  Interna- 
tional Bridge 155.  i 

And  projected  (minor  extensions) 5.7       160. 8 

Leaving  as  side  track 451.3 


CHAP,  XXVL-^TERMINALS,  823 

Of  the  main  track  a  considerable  portion  is  only  nominally  main 
track,  but  really  more  in  the  nature  of  track  for  yard  use 
only,  which  may  be  estimated  as  at  least 50.0         50.Q 

(Main.)  (Side.) 
Leaving  as  the  true  proportions  of  main  track  and  side  track,  ac- 
tual and  projected 110.8  501.3 

Of  which  there  was  laid,  October,  1884 I09<3  326.8 

And  projected,  a  considerable  fraction  of  which  has  since  been 

constructed 1.5  174.5 

1119.  If  we  compare  this  with  the  figures  for  the  yards  of  New 
York  City,  as  given  in  Table  202,  we  shall  have  a  better  idea 
of  tlie  magnitude  of  tlie  Buffalo  yards.  The  total  miles  of  track, 
main  line  and  sidings,  at  the  two  points  compare  as  follows  : 

New  York  BuflFalo 

yards.  yards. 

New  York  Central 28  157 

Erie  49  116 

Lackawanna 50  63 

West  Shore  (and  Ont.  &  West.). 34  23 

Pennsylvania 39 

Other  roads 77 

Total 200  436 

It  will  be  seen  that,  with  all  the  immense  traffic  of  New  York, 
there  is  less  than  half  as  much  track  at  New  York  as  at  Buffalo. 
In  the  yards  of  Boston  there  are  150  miles  of  side  track,  on  568 
acres,  with  26  acres  of  buildings;  the  total  side  track  on  all  the 
nine  roads  centring  there  being  765  miles  for  a  total  of  814  miles 
of  main  line. 

1120.  The  New  York  tracks  are  also  different  from  those  at 
Buffalo  in  not  being  all  bunched  together,  so  as  to  be  in  fact,  if 
not  in  form,  one  vast  yard,  whose  different  parts  are  constantly 
interchanging  business  with  each  other.  The  New  York  yards 
are  miles  apart  from  each  other,  and  have  comparatively  the 
most  insignificant  interchange  relations.  Most  of  them,  in  fact, 
could  be  most  fairly  compared  with  the  thirteenth  class  of  Buffalo 
side  tracks,  those  for  "local  city  freight"  alone,  of  which  there 
are  in  Buffalo  2oi  miles,  with  as  much  more  projected  ;  for,  al- 
though there  is  a  very  large — in  fact  immense — coal,  steamer, 
and  stock-yard  traffic  at  New  York,  as  well  as  the  usual  shop 
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and  coaling  tracks,  yet  the  business  of  New  York  is  carried  on 
under  such  different  conditions  from  that  at  Buffalo  that  the 
same  traffic  requires,  as  is  apparent  from  the  figures,  several 
times  less  track  room.  For  example,  there  are  39  miles  of  shop 
and  coaling  track  at  Buffalo,  and  35  miles  more  projected,  of 
which  the  New  York  Central  and  the  Erie  have  each  some  13 
miles,  whicli  (without  being  able  to  present  the  exact  figures)  is 
undoubtedly  several  times  greater  than  the  same  roads  have  for 
the  same  purposes  at  New  York,  the  reason  being  that  sick  and 
wounded  cars  from  all  over  the  continent  tend  to  accumulate  at 
Buffalo,  while  they  are  kept  away  from  New  York  so  far  as  pos- 
sible. The  same  contrast  is  visible  in  the  16  miles  of  transfer 
tracks  at  Buffalo,  wliicii  it  is  proposed  to  double  ;  and  the  enor- 
mous aggregate  of  87  miles  for  the  direct  use  of  trains  from  the 
East  and  West  and  Canada,  and  for  distributing  West-bound 
freight  (columns  3,  4,  5,  6,  7,  Table  203),  to  which  it  is  proposed 
to  add  over  40  miles  more,  mostly  by  the  newer  roads,  is  in 
itself  sometliing  for  which  there  is  no  very  exact  parallel  in  New 
York,  either  in  quantity  or  quality,  although,  of  course,  the 
mileage  devoted  to  similar  uses  is  very  great. 

1121.  The  same  contrast  exists  to  an  even  larger  extent  in  the 
areas  of  land  occupied  in  the  two  cities,  which  compare  as  fol- 
lows : 

In  New  York,  Kind . . . :    378  acres. 

piers 5     *• 

383  acres. 
In  Buffalo,  land 3,600  acres. 

Land  in  Buffalo  is,  of  course,  a  very  different  and  much 
cheaper  thing  than  land  in  New  York,  and  this  area,  moreover, 
includes  several  hundred  acres  of  what  is  more  properly  main- 
line right  of  way,  not  properly  chargeable  to  yards.  But  after 
making  all  allowances  in  this  respect,  the  immense  proportion- 
ate magnitude  of  the  Buffalo  yard,  due  to  the  nature  rather  than 
to  the  absolute  volume  of  the  business  transacted,  which  makes 
Buffalo  a  point  where  innumerable  side  tracks  naturally  accumu* 
late,  is  clearly  indicated. 
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1122.  While  Buffalo  seems  to  be  far  ahead  of  any  other  one 
point  in  its  yard  facilities  proper,  yet  that  it  is  only  the  leading 
example  of  a  general  tendency  may  be  indicated  by  the  figures 
given  in  Table  204  of  the  total  side-track  mileage  of  the  roads 
entering  there,  which  well  illustrate  the  immense  aggregates  of 
sic  i  track  which  even  ordinary  yard  demands  produce.  There 
seems  to  be  what  might  almost  be  called  a  rude  law,  that  trunk 
lines  proper,  as  distinguished  from  roads  of  the  next  grade 
below,  will  have  at  least  as  much  side  track  as  the  length  of 
their  main  line.  Thus,  the  Boston  &  Albany,  in  addition  to 
being  somewhat  more  than  double-tracked,  has  almost  exactly 
this  amount  of  sidings,  viz.,  203.2  miles  against  201.6  miles  of 
main  line.  Exceptions,  no  doubt,  exist;  but  Table  204  indicates 
that  the  assumed  *'  law"  has  at  least  some  foundation  in  fact. 

Table  204. 

Mileage  of  Sidings  in  the  Aggregate  and  at  Buffalo  and  New  York, 

ON  THE  Leading  Lines  entering  Buffalo. 


Miles 
Mato 
Line. 

Milks  op  Sidings. 

Pfer  Cent 
of  all 

Road. 

Buffalo. 

N.  V. 

Elne- 
where. 

Toul. 

Sidings 

in 
Buffalo. 

New  York  CentraL . . 
Lake  Shore 

442 
540 

94.1 
9.3 

28.0 

• .  • . 

418.9 
539-7 

541.0 
549  0 

17.4 
16.9 

Total 

982 
460 

413 
430 
213 
426 
512 

103.4 
77.2 
30. 8* 
19.0* 

4  9* 
16. 3* 

3.5* 

.... 
49.0 
50.0 
.... 
.... 
34.0 

.  a  .  • 

958.6 
430.8 
442.2 
129.0 
48.1 
91.7 

85.5 

1,090.0 
557.0 
523.0 
148.0 

53.0 
142.0 

89.0 

9-5 

13.9 

.... 

.... 
. .  •  • 

Erie 

Lackawanna 

B..  N.  Y.  &  P 

Rochester  &  Pittsb'g. 
West  Shore 

N.  Y.,  C.  &St.  L.... 

.... 

^  These  roads  have  completed  less  than  one  half  of  their  proposed  Buffalo  sidings. 


The  immense  aggregate  of  capital  expenditure  represented 
by  these  aggregates  of  side  track,  and  the  still  larger  capital 
sum  represented  by  the  annual  expenditure  to  "operate"  the 
side  tracks,  are  plainly  factors  in  the  future  of  new  and  old  lines 
which  can  never  be  safely  forgotten. 
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1124.  Nothing  equal  to  this  in  degree  exists  in  Buffalo,  but 
the  analogous  tax  at  that  point  is  very  great  indeed,  and  is  in  ad^ 
dition  to  tlie  New  York  tax,  as  is  likewise  the  yard  tax  at  Chicago, 
and  ail  other  intermediate  points.  Therefore,  vast  as  is  the  tax 
of  maintaining  within  the  city  limits  of  Buffalo  enough  track 
for  local  purposes  only  to  build  a  new  line  to  New  York,  that 
direct  expenditure  is  but  a  small  part  of  the  total  burden  repre- 
sented by  those  facilities,  even  if  a  many  times  larger  part  than 
ai  New  York,  as  no  doubt  it  is. 

At  no  other  point  in  this  country,  not  even  at  Chicago,  do  so 
many  conditions  combine  to  bring  about  such  abnormal  growth, 
and  the  same  is  still  more  true  of  even  the  largest  cities  of  the 
old  world.  Buffalo,  therefore,  although  outdone  by  many  other 
cities  as  a  trafiic  point,  will  doubtless  continue  to  be  the  greatest 
yard,  properly  so  called,  in  the  world,  even  after  that  consider- 
able fraction  of  its  trackage,  which  is  with  reason  felt  to  be  due 
to  profligate  and  discreditable  imperfections  of  management,  has 
been  done  away  with.  But  its  interest  for  our  immediate  pur- 
pose lies  in  the  fact  that,  large  as  it  is,  it  is  only  the  largest  out- 
growth of  universal  tendencies;  and  that  road  which  attempts  to 
compete  with  another  without  having  approximate  equality  in 
such  terminal  facilities,  competes  on  about  as  favorable  terms 
as  it  would  in  crossing  a  river  by  some  new  bridge  in  which 
every  spa»n  but  the  l^st  had  been  built,  and  was  of  very  superior 
quality. 

Much  greater  sums  have  been  spent  in  Europe  than  here  in  building  stations 
in  the  trade  centres  of  cities  close  to  the  warehouses  and  wholesale  stores.  In 
Liverpool  (600,000  inhabitants),  the  London  &  Northwestern  Railway  up  to 
1881  had  expended  $9,300,000  in  providing  freight  stations  alone.  In  London 
it  had  expended  $11,200,000.  Interest  at  the  rate  of  4  per  cent  on  the  cost  of 
these  stations,  less  rents  received  for  warehouses,  etc.,  amounted  at  Liverpool 
to  14.6  cents,  and  at  London  to  32  cents  per  ton  of  freight  handled.  Thus  the 
mere  payment  of  interest  on  the  terminal  facilities,  excluding  any  charge  for 
handling  the  freight,  would,  on  a  haul  from  Liverpool  to  London,  amount  to 
46.6  cents  per  ton,  or  nearly  \  cent  per  ton-mile.  These  figures  do  not  include 
the  cost  of  collecting,  distributing,  and  sorting  sidings,  of  which  there  are  38 
miles  at  Edgehill  (Liverpool),  and  proportionate  lengths  at  other  places.     Tha 
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London  &  Northwestern  is  in  no  way  exceptional  in  this  respect  among  the 
great  English  railways. 

The  total  actual  average  cost  of  loading  and  unloading  freight  per  gross  ton, 
exclusive  of  interest,  was  given  as  under  for  the  year  1880,  at  the  following 
places  : 

London 70.1  cents. 

Manchester 41.0 

Birmingham 34.0 

Liverpool 39  4 

This  total  cost  includes  everything  incidental  to  carrying  on  the  basiness  oi 
the  station,  but  no  charge  for  risk,  breakage  and  pilferage,  or  for  cartage. 


«« 
«« 
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PART  V. 


THE  CONDUCT  OF  LOCATION. 


**  O,  what  a  predous  book  the  one  would  be 
'A hat  taught  observers  what  they're  noi  to  seel** 

— O.  W.  Holmes:  A  Rkywud  Luaoik, 

'^Somrcoiiigg  can  be  done  as  well  as  others."— Sam  Patch. 


PART  V. 

THE  CONDUCT  OF  LOCATION. 


CHAPTER  XXVII. 


THE    ART    OF    RECONNAISSANCE. 


1125.  An  art,  as  distinguished  from  a  science,  is  something  which, 
although  it  in  part  can  be  taught,  yet  cannot  be  written  down  in  definite 
fixed  rules  which  have  only  to  be  followed  with  exactness.  A  SCIENCE, 
correctly  so  called,  however  difficult  or  intricate  it  may  be,  is  always  m 
its  nature  susceptible  of  rigorous  and  exact  analysis.  An  art  is  not. 
Thus  we  may  speak  with  strict  propriety  of  the  science  of  bridge-build- 
ing, but  only  of  the  art  of  reconnoitring. 

Nevertheless,  just  as  there  is  no  scientific  branch  of  the  practical  work 
of  life  so  purely  a  science  that  it  is  possible  to  dispense  with  a  certain  apti- 
tude and  tact  which  is  outside  of  and  beyond  written  rules,  so,  on  the 
other  hand,  even  in  what  is  so  purely  an  art  as  discerning  the  physical 
possibilities  of  a  given  region  by  the  aid  of  the  eye  alone,  certain  general 
rules  and  cautions  will  greatly  diminish  the  danger — which  often  rises  to 
certainty— that  without  such  aid  an  inexperienced  engineer  will  fail  to 
discern  the  possibilities  which  lie  right  before  him,  and  reach  wholly 
mistaken  conclusions  as  to  what  he  can  and  cannot  do  with  the  region 
before  his  eyes. 

1126.  For  there  is  nothing  against  which  a  locating  engineer  will  find 
It  necessary  to  be  more  constantly  on  his  guard  than  the  drawing  of  hasty 
and  rnfoundcd  conclusions,  especially  of  an  unfavorable  character,  from 
apparent  evidence  wrongly  mterpreted.  *f  his  conclusions  on  reconnais- 
sance are  unduly  favorable, there  is  n^.  great  harm  done— nothinjj  more 
at  the  worst  will  ensue  thar  an  unnecessary  amount  of  surveying;  but 
a  hasty  conclusion  that  some  lin's  is  not  feasible,  or  that  further  improve^ 
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ments  in  it  cannot  be  made,  or  even  sometimes— often  very  absurdly — 
that  no  other  line  of  any  kind  exists  than  that  one  which  has  chanced  to 
be  discovered— these  are  errors  which  may  have  disastrous  consequences. 
On  this  account,  if  for  no  other,  the  locating  engineer  should  culti- 
vate and  habitually  preserve  what  may  be  called  an  optimistic  habit  of 
mind.  He  should  not  allow  himself  to  enter  upon  his  work  with  the 
feeling  that  any  country  is  seriously  difficult,  but  rather  that  the  problem 
before  him  is  simply  to  find  the  line,  which  undoubtedly  exists,  and  that 
he  can  only  fail  to  do  so  from  some  blindness  or  oversight  of  his  own, 
which  it  will  be  his  business  to  guard  against. 

1127i  The  chances  are  greatly  in  favor  of  his  ultimately  finding  this 
assumption  to  be  correct.  Occasionally  he  may  be  deceived,  but  the 
young  and  inexperienced  engineer  cannot  proceed  on  a  safer  hypothesis 
than  this:  That  however  forbidding  the  region,  a  line  exists  which  is 
conspicuously  better  than  any  other,  and  which  will  in  all  cases  be  found 
to  be — in  comparison  with  what  was  expected — a  line  cheap  to  build  and 
economical  to  operate;  and  that,  on  the  other  hand,  the  line  which  he, 
as  an  inexperienced  man  and  acting  without  special  training  for  the 
work,  will  be  likely  to  first  select  as  the  best,  is  perhaps  twice  as  costly 
in  first  cost  and  considerably  less  favorable  in  gradients  and  operating 
value  than  that  which  he  can  secure  by  greater  care,  attention,  and 
study.  Although  this  may  seem  a  sweeping  generalization,  it  is  so  near 
a  general  average  of  probabilities  in  both  easy  and  difficult  country,  that 
in  a  rude  way  it  may  be  assumed  as  truth. 

1128.  For  the  reason  that  there  is  so  much  danger  of  radical  error  in 
the  selection  of  the  lines  to  be  sun>eyed  (or,  rather,  of  the  lines  not  to  be 
examined),  it  results  that  the  worst  errors  of  location  generally 
ORIGINATE  IN  THE  RECONNAISSANCE.  This  truth  once  grasped,  the 
greatest  of  all  dangers,  over-confidence  in  one's  own  infallibility,  is  re- 
moved. 

1129.  The  most  fundamentally  imp>ortant  technical  qualification  for 
entering  upon  the  reconnaissance  is  an  understanding  of  the  economic 
questions  considered  in  the  first  parts  of  this  volume,  especially  as  to 
what  a  railway  should  be  from  a  business  point  of  view,  and  what  the 
relative  importance  is  of  engineering  (or  geometric)  and  commercial  ex- 
cellence ;  for  if  the  engineer  cannot  correctly  distinguish  between  the 
financially  important  and  unimportant,  as  well  as  between  the  practically 
feasible  and  the  practically  impossible,  he  will  be  almost  as  liable  to  go 
astray  as  if  he  were  physically  blind,  by  omitting  to  examine  as  worthless 
the  very  possibilities  which  he  should  look  into  most  carefully.     It  fol- 
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lows  also  that  he  should  be  well  posted  as  to  the  relative  cost  and  diffi- 
culties of  construction. 

1130i  These  qualifications  being  presupposed,  before  beginning  the 
reconnaissance,  as  well  as  during  it  and  after  it,  the  nature,  extent,  and 
probable  sources  of  the  traffic,  and  especially  of  way  traffic,  should  be 
carefully  looked  into,  as  a  consideration  which  will  be  often — it  might 
almost  be  said  usually — so  important  as  to  fix  the  general  route  in  de- 
spite of  quite  important  engineering  disadvantages.  The  small  efifect 
on  profit  and  loss  of  even  considerable  differences  of  distance,  and  the 
small  effect  on  distance  of  even  considerable  and  "  ugly"  swerves  from  a 
straight  line,  may  well  be  especially  studied  up,  not  to  make  one  reck- 
less of  sacrificing  distance,  but  to  enable  one  to  sacrifice  it  and  save  it 
mtelligently. 

1131t  On  the  other  hand,  the  engineer  should  with  especial  care  dis- 
abuse his  mind  of  the  very  natural  feeling  that  what  may  be  called  his 
own  particular  and  especial  department — getting  a  cheap  line  to  sub- 
grade — is  of  much  relative  importance  to  the  future  of  the  company.  He 
should  remember  that  it  requires  a  continuous  cut  or  fill  of  about  7  feet, 
or  say  an  average  maximum  cut  or  fill  of  10  to  12  feet,  with  its  ordinary 
accompaniments  of  masonry,  to  equal  the  cost  of  superstructure  ready 
for  operation;  that  the  total  investment  for  rolling-stock,  machinery, 
buildings,  and  miscellaneous  purposes  will,  on  a  line  of  active  traffic, 
very  nearly  equal  that  for  road-bed  and  track  complete,  and  that,  finally, 
and  more  important  than  all,  the  interest  on  the  total  de-facto  invest- 
ment for  all  purposes  rarely  absorbs  more  than  from  one  sixth  to  one 
fourth  of  the  gross  revenue.  Broadly  speaking,  therefore,  we  may  say 
in  general  terms  that — 

To  increase  gross  revenue  \  we  may  double  the  whole  investment. 

-^  **  cost  of  road-bed  and  track. 

jV  "  "     grading  and  masonry. 

These  percentages,  of  course,  are  subject  to  important  fluctuations,  but 
the  fact  still  remains  in  all  cases  that,  for  obvious  reasons,  the  tendency 
of  an  engineer  is  to  concentrate  his  attention  unduly  on  the  work  below 
sub -grade. 

1132t  As  a  more  direct  qualification,  the  engineer  should  prepare  him- 
self as  carefully  as  possible  to  form  reasonably  accurate  estimates  of  the 
probable  cost  of  the  work  per  mile  on  various  lines  and  grades.  The 
faculty  of  making  tolerably  close  approximations  of  this  kind,  assisted 
by  the  eye  alone,  is  not  so  very  difficult  to  acquire,  but  can  only  be  gained 
53 
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lines  tliaii  of  light  lines.  When  all  the  traffic  and  business  considera* 
tions,  ;is  well  as  engineering  differences,  have  been  duly  considered,  the 
writer  has  never  known  an  instance  where  there  seemed  the  slightest 
need  to  survey  more  than  two  general  routes,  although  such  instances 
may  well  occur.  In  any  case  the  reconnaissance  should  be  conducted 
always  with  as  much  care  as  if  it  was  expected  to  make  by  its  means  a 
final  selection  of  route. 

In  conducting  the  reconnaissance,  while  individual  habits  of  mind  no 
doubt  differ  greatly,  and  with  them  the  direction  in  which  error  js  most 
to  be  feared,  the  following  rules  and  cautions  are  believed  to  be  of  uni- 
versal application,  the  first  one  especially  being  fundamental : 

1136.  I.  The  reconnaissance  must  not  be  of  a  line,  but  of  an 
AREA,  including  at  all  times  in  the  mind  as  wide  a  belt  on  each  side  of 
an  air  line  between  the  two  fixed  termini  as  there  is  the  remotest  pos- 
sibility of  the  lines  reaching  to ;  "  remotest  possibility"  being  considered 
for  the  time  being  as  only  bounded  by  some  marked  and  decisive  topo- 
graphical feature  or  traffic  centre. 

Thus,  in  reconnoitring  a  proposed  line,  AB,  Fig.  266,  supposed  to  be  about 
100  miles  long,  we  may  reasonably  take  the  valley  line  V  to  the  right,  or  the 
town  C  to  the  left,  as  the  lateral  limits,  but  nothing  less  than  this,  and  the 
whole  area  between  them  should  be  studied  as  an  area,  and  a  topographical 
map  '*  in  the  mind's  eye"  made  of  it  all ;  exact  comparative  knowledge  o(  all 
the  various  passes  and  other  governing  points  being  obtained  on  teconnai*- 
sance.  or  by  subsequent  survey  or  spur-lines. 

This  simple  rule  is  one  rarely  thought  of  or  acted  on  until  repeated  blunders 
have  enforced  it.  Error  is  particularly  liable  to  follow  from  neglecting  it,  a^ 
will  be  shown  later  by  a  few  examples  from  practice.  We  may  survey  lines, 
but  we  must  never  reconnoitre  them.     If  we  do,  it  is  not  a  reconnaissance. 

1137.  2.  All  prepxjssessions  in  favor  of  any  particular  line  must  be  aban* 
doned,  especially  in  favor  of  that  line  which  seems  most  obvious.  The 
importance  of  this  is  too  obvious  to  need  dwelling  on,  yet  it  is  one 
thing  to  admit  it  in  theory  and  quite  another  to  do  it  in  practice.  Not 
to  do  so  is  a  dangerous  and  frequent  error. 

1138.  3.  A  tendency  to  see  with  undue  clearness  the  merits  of  lines 
LYING  close  to  HIGHWAYS  or  the  more  settled  and  open  districts  must 
be  carefully  guarded  against.  This  is  another  dangerous  and  frequent 
error,  which  is  always  imminent,  partly  because  it  seems  too  obvious  a 
danger  to  be  a  real  one.  The  writer  now  recalls  no  less  than  thirty  in- 
stances, some  of  them  of  the  first  importance,  in  which  the  deceptive 
convenience*   M  highways  alone  were  responsible  for  serious  error,  as 
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in  the  instances  of  Chapter  XXIX.  and  Appendix  C.     Allied  to  the 
above  are : 

4.  Lines  hard  to  get  over  on  foot,  or  overgrown  with  timber  or 
tangled  undergrowth,  seem  infinitely  worse  by  comparison  than  they 
really  are ;  and, 

5.  Raggedness  of  detail,  sharp  rocky  points,  steep  bluffs,  and  the  like, 
exert  an  entirely  undue  influence  upon  the  mind  as  compared  with  long 
rolling  slopes  spread  out  over  a  longer  distance. 

These  two  dangers  are  so  imminent  where  the  conditions  specified  exist  at 
all,  as  in  comparing  many  valley  lines  with  ridge  lines,  that  they  will  be  sepa- 
rately discussed  (par.  1162).  The  disadvantages  of  a  route  for  a  railway  must 
not  be  measured  by  its  disadvantages  as  a  foot-path,  even  after  all  brush  and 
limber  have  been  removed,  yet  it  is  hard  not  to  do  so  to  some  extent. 

1139.  6.  A  complete  mental  map  of  the  watercourses  should  be  made 
as  the  reconnaissance  proceeds — sufliciently  exact,  at  least,  to  enable  the 
engineer  to  state  positively  where  the  water  of  every  stream  crossed 
joins  another,  and  what  streams  run  in  together,  until  they  have  passed 
off  the  limits  of  the  area  under  examination. 

It  is  not  always  convenient  to  do  this  for  each  stream  as  it  is  passed,  with- 
out undue  delay  ;  but  wherever  a  stream  is  passed  without  doing  it,  ikere,  it 
should  be  noted,  is  a  gap  in  the  necessary  knowledge  of  the  country^  which  may  be 
dangerous. 

A  skeleton  framework  for  this  information  can  generally  be  obtained  from 
maps.  It  is  in  respect  to  the  minor  streams  that  the  caution  is  particularly 
necessary,  and  it  is  even  more  important  to  adhere  to  it  in  the  smoother  than 
in  very  rough  country.     Neglect  of  it  often  carries  one  off  on  a  false  track. 

1140.  7.  False  summits,  or  those  which  appear  to  interpose  between 
two  water-sheds,  when  in  reality  they  are  only  between  different  parts  of 
the  same  water-shed,  are  verv  liable  to  deceive  under  certain  circum- 
stances.  The  latter,  fortunately,  do  not  often  occur;  but  when  they  do 
occur  the  deception  is  often  very  perfect,  introducing  an  apparently  im- 
passable obstacle  to  the  progress  of  the  line  which  is  only  apparent.  One 
of  many  reasons  for  the  preceding  rule  is  to  avoid  this  danger. 

See  also  overlaps  (par.  1161),  which  are  a  kind  of  imaginary  false  summits. 

1141.  8.  As  a  very  necessary  safeguard  against  error,  the  engineer 
should  MAKE  IT  A  RULE  to  invariably  discredit  all  unfavorable  reports, 
from  whatever  source  derived,  which  do  not  accord  with  what  he  expects. 

This  merely  means  that  if  he  has.  or  thinks  he  has.  any  reasonable  shadow 
of  ground  for  hope  that  certain  things  are  possible  at  controlling  points,  he 
should  go  there  and  look  for  himself  before  he  finally  abandons  hope.     Not  un- 
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frequently  he  will  see  reasons  to  be  glad  he  did  go.  The  time  of  a  man  who 
may  have  been  •previously  sent  to  the  point  is  not  therefore  lost.  Assurance  is 
at  least  made  doubly  sure,  and  he  might  have  brought  back  a  favorable  report ; 
but  the  most  trusted  assistants  are  liable,  with  the  best  of  intentions,  to  reach 
entirely  wrong  conclusions  by  looking  in  the  wrong  place  or  seeing  the  wrong 
things. 

1142.  The  reconnaissance,  it  should  be  understood,  although  spoken 
of  as  one  continuous  and  complete  examination  of  the  territory,  is  not 
necessarily  completed  all  at  once.  On  the  contrary,  it  should  in  a  sense 
be  always  in  progress  until  the  final  location  is  complete,  and  may  well 
be  made  in  part  while  a  party  is  running  some  first  experimental  line. 
It  may  also  continue  over  a  number  of  separate  and  complete  trips 
over  the  route,  which  in  a  literal  sense  are  examinations  of  so  many  dis- 
tinct lines;  but  it  should  never  be  felt  to  be  so  while  making  the  trips, 
but  as  broad  a  belt  should  be  taken  in,  in  imagination  at  least,  as  it  is 
possible  to  keep  in  mind.  The  feeling  should  always  be  present  in  the 
mind  of  the  engineer  that  he  ought  to  be  somewhere  over  the  edge  of 
the  horizon,  or  on  the  other  side  of  the  valley  or  ridge,  instead  of  fol- 
lowing his  nose  where  he  is. 

1143.  The  whole  reconnaissance  is  not  ordinarily  carried  on  in  the 
field,  but  a  part  of  it,  small  as  respects  time,  but  often  important  and 
even  decisive  as  respects  results,  is  obtained  from  the  study  of  such  maps 
of  the  region  as  may  exist.  The  same  arguments  apply  to  such  exami- 
nation as  to  examinations  in  the  fields,  and  the  same  methods  should  be 
used.  The  obvious  should  be  mistrusted  and  the  improbable  looked  for 
hopefully.  An  examination  of  maps  may  in  some  cases  be  the  only  recon- 
naissance, properly  so  called,  needed,  as  when  a  line  follows  for  its  entire 
length  a  deep  valley  of  known  character  between  points  both  situated  in 
the  same  valley.  On  the  other  hand,  the  reconnaissance  may  show  such 
nicely-balanced  pK)ssibilities  that  three  or  four  exploration  lines  will  be 
necessary,  merely  to  form  a  clear  idea  of  what  lines  to  examine  in  earnest. 

But,  as  a  general  rule,  neither  of  these  conditions  prevail.  A  careful 
reconnaissance  is  necessary,  but  it  is  also  decisive ;  showing  beyond  doubt 
(at  least  any  doubt  which  a  survey  by  the  same  persons  could  remove) 
that  some  one  route  is  alone  worth  careful  survey,  or  at  most  two. 

1144.  The  method  of  making  a  reconnaissance  may  be  in  detail  some- 
what like  that  sketched  in  Fig.  266.  Such  ordinary  matters  as  that 
water  runs  down  hill  ;  that  streams  start  at  their  source  from  the  lowest 
point  in  their  immediate  vicinity  and  flow  toward  still  lower  ground; 
that  large  streams  usually  lie  lower  than  contiguous  sn)aller  streams,  and 
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1145.  As  a  preliminary  to  starting  out  to  explore,  say  from  B  to  A, 
Fig.  266,  one  should  strike  an  arc  mentally  across  the  country  with  B  as 
a  centre,  and  with  a  radius  of  2  to  20  miles,  according  as  some  definite 
topographical  feature  may  indicate.  In  country  at  all  rough  this  arc 
should  be  at  least  200°  long.  In  smoother  country  it  maybe  less.  A  pass 
through  a  range  of  hills  at  e  on  the  direct  line  to  A  may  determine  where 
to  strike  this  arc. 

Before  allowing  himself  to  pass  by  this  arc  at  any  point  the  engi- 
neer should  mentally  ask  himself  this  question,  and  either  answer  it  posi- 
tively and  definitely  on  the  spot,  or  note  that  he  must  find  an  answer: 
How  many  different  routes  are  there,  and  what  are  their  comparative 
merits,  for  passing  from  B  TO  beyond  this  arc  at  any  point  in  its  whole 
extent  ?  If  there  be  some  point  like  e  or/  which  is,  in  the  first  place,  out  of 
the  proper  direction  ;  secondly,  difficult  of  access ;  and,  thirdly,  highly  un- 
promising in  appearance, — it  must  not  be  passed  until  it  is  known  that  it 
is  not  feasible,  or  else  noted  as  a  point  to  be  continually  remembered  as 
of  unknown  and  presumably  great  capabilities. 

Usually  there  will  be  three  or  four  routes  for  crossing  this  first  arc. 
which  will  appear  distinctly  better  than  any  others,  and  perhaps  be  the 
only  possible  ones.  Noting  every  one  of  those  which  have  not  been  ex- 
amined, and  assuming  that  everything  is  possible  which  is  not  clearly 
seen  to  be  impossible,  the  imaginary  arc  may  be  crossed  to  the  next  belt. 

1146.  Here,  at  some  fixed  topographical  feature  where  obstacles  occur, 
or  at  some  town,  a  second  mental  arc  may  be  struck,  likewise  with  B  as 
a  centre,  but  it  is  no  longer  necessary  to  make  it  200®  long,  but  merely 
long  enough  to  cover  a  route  to  A  from  every  possible  pass  of  the  first 
arc,  and  the  method  should  be  the  same.  The  question  should  be  :  In 
THIS  ANNULAR  BELT  what  is  the  best  way  to  pass  from  some  attainable 
point  in  the  first  arc  to  beyond  the  second,  and  which  will  give  the  best 
complete  route  from  B} 

By  this  time  we  shall  be  so  far  away  from  B  that  we  cannot  really  cover 
mentally,  even  in  the  rudest  way,  all  the  area  we  should  investigate,  and 
we  must  drop  the  furthest  half  of  it  entirely  from  mind  for  the  time 
being.  Remembering  that  it  is  dropped,  however,  the  method  is  the  same, 
so  far  as  it  goes.  By  assumption,  all  the  most  hopeful  chances  are  in  the 
region  beyond  the  horizon,  but  it  is  necessary  to  leave  them  for  the  time 
being. 

1147.  As  the  reconnaissance  approaches  A  it  will  be  more  natural  that 
our  work  should  be  carried  on  with  that  as  a  centre,  and  as  soon  as  pos- 
sible the  examination  of  the  whole  possible  area  at  once,  in  a  cursory 
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way  at  least,  should  be  resumed.  On  reaching  A^  before  the  territory 
passed  over  is  again  examined,  all  the  remaining  possible  area  should  be 
gone  over  in  the  same  way,  and  it  should  not  be  regarded  as  completed 
until  the  limits  of  the  water-shed  of  every  stream  in  the  whole  area  are 
well  understood,  and  the  lowest  passes  through  the  ridges.  It  is  not  by 
any  means  the  roughest  regions  which  require  the  most  care  in  this  re- 
spect. Thus,  in  Fig.  266,  if  the  country  were  very  rough  the  chances 
would  be  very  strong  indeed  that  the  valley-line  BVA  would  be  the  best, 
and  a  very  cursory  examination  of  some  cross-line  VD  might  suffice  to 
prove  it.  In  moderately  easy  country  the  line  BCDA  would  be  far  more 
likely  to  be  the  best,  and  there  might  of  course  be  considerable  variations 
in  it ;  or  the  valley  at  be  might  be  so  low  and  the  town  Cso  small  that 
the  preference  clearly  lay  with  the  most  direct  line.  It  does  not  by  any 
means  follow  that  the  whole  area  should  be  examined  with  equal  care. 
If  one  part  is  positively  known  to  be  worse  than  another,  it  matters  little 
to  determine  how  mucli  worse  ;  only,  it  must  be  known,  and  not  guessed 
at. 

By  following  strictly  on  the  line  of  these  suggestions  serious  over- 
sights are  not  probable  ;  otherwise  they  are  exceedingly  probable.  Such 
assistance  as  it  seems  possible  to  give  for  training  the  eye  to  take  in  the 
meaning  of  wliat  it  sees  before  it,  is  given  in  the  following  chapter.  One 
general  caution  may  be  added  :  "  Rough  COUNTRY  "  is  a  purely  relative 
term.  To  the  tyro,  the  rolling  hillocks  of  Ohio,  Michigan  and  New  Jer- 
sey are  rough.  The  same  man,  with  a  little  experience  in  really  rough 
country,  will  take  the  worst  the  Rocky  Mountains  or  the  Andes  can  offer 
with  equanimity  ;  and  equanimity  is  in  every  calling  essential  for  success. 
No  country  in  which  most  of  the  surface  has  a  layer  of  soil  over  it  de- 
serves the  name  of  rough.  It  needs  but  little  study  and  care  to  get 
several  lines  of  reasonable  cost  through  it.  The  art  of  location  consists 
merely  in  making  a  judicious  choice, — not  in  getting  a  line,  which  is 
always  easy  in  such  regions. 

1148.  An  accomplishment  which  is  not  very  difficult  to  acquire,  and  which 
is  constantly  useful  on  reconnaissance,  is  to  estimate  the  rate  of  fall  of  streams 
from  their  general  appearance.  No  general  rules  can  be  laid  down,  because  so 
much  depends  upon  the  volume  of  the  stream.  A  fall  of  4  to  8  feet  per  mile 
will  give  a  good-sized  stream  or  river  a  very  rapid  current,  with  many  stretches 
where  it  will  seem  to  the  careless  eye  as  if  there  were  nearly  that  fall  at  a  single 
point,  succeeded  by  pools  above  and  below.  On  the  other  hand,  a  fall  of  30  or 
35  feet  per  mile  does  not  necessarily  give  to  a  small-sized  river  the  character  of 
a  torrent,  and  large  brooks  or  small  creeks  must  fall  100  feet  per  mile  or  more 
before  ihey  have  any  violent  current. 
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1149.  A  special  report  on  the  Water-Power  of  the  United  States  in  the 
Tenth  United  States  Census  gires  a  tabular  statement  of  the  slopes  of  the 
principal  streams  flowing  into  the  Atlantic  and  the  Eastern  Gulf,  which  might 
perhaps  be  profitably  abstracted.  It  shows  that  the  slope  of  the  streams  is 
pretty  much  the  same  per  mile  from  the  Merrimaclt  to  the  Chattahoochee;  the 
average  slope  of  twenty  one  main  streams  being  5.4  feet  per  mile,  with  the  Sus- 
quehanna the  flattest,  at  2.8  per  mile,  and  the  Hudson  River  the  steepest,  at  10 
feet  per  mile. 

The  slope  of  some  of  the  southern  tributaries  of  the  Ohio  River  is  very  light, 
ranging  from  0.41  foot  per  mile  for  the  Green  River  to  2.84  feet  for  the  Alle* 
gheny  as  a  maximum.  The  falls  in  these  streams  generally  take  the  form  df 
long  shoals.  As  an  example,  however,  of  how  very  quickly  some  A  these 
rivers  descend  from  their  elevated  sources  to  the  gentle  slope  of  their  rabsequent 
course,  Mr.  Dwight  Porter  mentions  that  the  Cheat  River,  in  West  Virginia,  falls 
2400  feet  in  the  last  eighty  miles  of  its  way  to  the  Monongahela,  while  the  latter 
river  descends  but  75  feet  in  the  ninety  miles  between  the  mouth  of  the  Cheat 
and  Pittsburg.  The  northern  tributaries  of  the  Ohio  have  usually  steeper  slopes, 
but  the  average  is  far  below  the  rivers  on  the  upper  Atlantic  coast.  The  Ohio 
River  itself,  from  Pittsburg  to  its  mouth,  a  distance  of  967  miles,  falls  430  feet, 
or  an  average  of  0.44  foot  per  mile.  At  Louisville  there  is  a  fall  of  26  feet  in 
two  miles. 

The  Upper  Mississippi,  from  its  extreme  sources  to  St.  Paul,  500  miles  by 
the  river,  falls  1000  feet.  The  Missouri  River  falls  2464  feet  in  the  2644  miles 
of  its  course  below  Fort  Benton,  being  navigable  to  that  point.  The  tributaries 
of  the  Mississippi  from  Eastern  Iowa  have  a  general  slope  of  about  3  feet  per 
mile,  ranging  from  1.84  to  3.83  feet  per  mile. 

The  Arkansas  River,  from  its  source  to  Pueblo,  Colorado,  averages  34.11 
feet  per  mile.  In  the  upper  120  miles  the  river  falls  40  feet  per  mile,  then 
flattens  out  to  8  feet  per  mile  for  500  or  600  miles,  add  at  150  miles  above  its 
mouth  its  slope  is  only  o.  46  foot  per  mile. 

The  Niagara  River,  in  its  short  course  of  37  miles,  descends  333  feet  to  Lake 
Ontario  with  a  vertical  plunge  of  160  feet  at  the  Falls,  discharging  a  volume  of 
water  nearly  half  as  great  as  the  Mississippi  River,  or  166.600  cubic  feet  per 
second.  From  Buffalo  to  3  miles  above  the  Falls,  the  river  descends  20  feet,  or 
about  a  foot  per  mile,  yet  the  stream  is  readily  navigable;  from  this  point  to  the 
brink  of  the  Falls  it  descends  about  53  feet,  or  18  feet  per  mile. 
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OCULAR   ILLUSIONS. 


1150.  The  natural  eyesight  is  readily  deceived  even  where  the  ap- 
parent  differences  are  so  great  as  to  seem  clear  and  positive.  Among 
the  more  serious  ways  in  which  this  danger  may  make  trouble  are  : 

I.  The  eye  foreshortens  the  distance  in  an  air-line  and  materially  ex- 
aggerates the  comparative  length  of  a  lateral  offset,  so  as  to  greatly  exag- 
gerate the  loss  of  distance  (and  hence  of  curvature)  from  any  deflection. 
A  deflection  which  will  not  in  reality  add  more  than  lo  to  15  per  cent  to 
the  length  of  a  line  will  seem  to  the  eye  to  double  it.  This  marked  ten- 
dency to  great  exaggeration  results  from  the  effect  of  two  concurrent 
causes  :  (i)  the  foreshortening  alluded  to,  and  (2)  the  tendency  of  the  mind 
to  exaggerate  the  distance  lost  by  lateral  deflections  even  when  looking 
down  upon  a  map — as  Fig.  13,  page  237,  where  the  loss  of  distance  in  C 
might  be  easily  estimated  at  four  or  five  times  what  it  is. 

These  two  causes  combined,  both  of  them  having  much  effect  in  the 
same  direction,  make  the  judgment  of  inexperienced  men  on  this  subject 
almost  absurdly  deceptive. 

1 1 51 .  2.  The  eye  exaggerates  the  sharpness  of  projecting  points  and  spurs, 
and  the  degree  of  cunuiture  necessary  to  pass  around  them :  an  exceed- 
ingly common  difficulty,  leading;  to  serious  consequences.  It  results  from 
a  combination  of  natural  causes,  viz.:  (i)  The  eye,  in  looking  at  all  nat- 
ural slopes,  from  any  point  of  view  whatever,  greatly  exaggerates  their 
steepness.  A  60°  slope  seems  almost  vertical ;  a  45°,  fully  75®;  a  i^  to  I 
slope  <^the  rate  of  the  very  steepest  mountain  sides),  at  least  i  to  i  ;  etc., 
etc.  This  tendency  is  especially  strong  in  looking  at  slopes  from  above. 
(2)  Such  points  are  generally  looked  at  from  above  ;  but  whether  looked 
at  from  above  or  below,  the  eye  instinctively  searches  for  something  fixed 
and  definite  to  start  from,  which  is  usually  found  in  the  crest  or  ridge  line, 
especially  if  the  latter  runs  nearly  to  a  knife-edge.  Likewise  the  eye  al- 
most invariably  tends  to  exaggerate  angles,  from  whatever  point  the  view 
is  taken  on  which  the  judgment  is  formed.  If  formed  from  the  side 
(Fig.  267),  it  exaggerates  the  distance  C  in  comparison  with  AB\  making 
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it  seem  half  as  long,  for  example,  when  it  is  only  one  fourth  as  long,  thus 
making  the  point  seem  to  require  a  curve  of  180' where  perhaps  no" 
only  will  suffice.  If  formed  from  in  front  of  very  sharp  points,  Fig.  268, 
the  tendency  is  to.  look  upon  the  two  range-sights,  B,  C,  as  at  a  much 
sharper  angle  U  to  each  other  than  they  really  dLV^^because  the  eye  ranges 
along  both  slopes  at  once — an  unusual 
circumstance,  the  more  common  case 
being  that  of  Fig.  269,  in  which  the 
tendency  is  in  the  opposite  direction. 
In   Fig.  268  one  tends  to  approximate 


Fig.  267. 


Fig.  a68. 


the  angle  V  to  180";  or,  in  other  words,  to  think  of  B  and  C  as  nearly  par- 
allel to  each  other,  as  if  we  were  looking  from  E^X  an  infinite  distance. 

1153^  From  these  causes  combintd,  the  eye  at  E  first  fixes  on  the 
crest-line  and  then  exaggerates,  say,  a  li  to  i  slope  into  a  i  to  i  slope ;  in 
other  words,  makes  the  chord  line  A,  Fig.  268,  one  third  shorter  than  it 
is.  This  alone  gives  a  15°  curve  where  10"  will  suffice.  But  having  first 
got  our  chord-line  too  short,  we  then  proceed  to  mentally  exaggerate  the 
angle  to  which  it  is  a  chord,  and  thus  still  further  shorten  the  supposed 
radius,  so  that  we  may  easily  picture  a  20"  curve  where  10*  would  prove 
on  survey  all-sufficient. 

Whether  this  explanation  of  the  philosophy  of  the  tendency  to  error 
be  correct  or  not,  the  fact  of  its  existence  in  about  the  degree  stated  is 
beyond  question,  especially  with  those  who  are  for  the  first  time  con- 
fronted with  "rough  country."  They  are  almost  sure  to  exaggerate 
greatly  the  difficulties  of  such  localities. 

1154.  3.  An  opposite  tendency — to  decrease  the  probable  angles  re- 
quired— exists  in  looking  at  smooth  gentle  slopes,  especially  from  a 
distant  point  of  view,  for  reasons  hinted  at  in  part  in  Fig.  269.  Smooth- 
ness and  gentleness  of  slope  mean  that  we  must  either  go  out  a  long  way 
to  irain  a  little  difference  of  elevation,  or  must  put  up  with  very  long,  if 
not  very  deep,  cuts  or  fills.     In  order  to  bring  down  the  work  to  reason- 
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able  lightness,  therefore,  we  must  often  adopt  a  quite  crooked  alignmeiit 
on  the  smooth  and  (for  foot  travel)  very  tractable  slopes,  and  even  then 
have  pretty  heavy  wiirk. 

This  error  is  especially  liable  to  occur  on  the  long  gentle  rollingalopes 
which  are  met  over  vast  areas  of  the  far- 
western  United  States,  Mexico,  South 
America,  and  (the  writer  believes)  much 


'     vO^      of    Asia,  Africa,  and    Australia,  in   all 


^^ 


^>f 


/V^     ^       of  which  regions  Nature  seems  to  have 
planned  all  her  works  on  a  vast  scale  and 
taken  plenty  of  room  to  spread  out  in. 
In  the    Eastern   United  States    and  in 
*\    /  Europe  west  of  Russia  it  is  leas  imroi- 

'''"■  '*'■  When  we  happen  to  be  comparing  two 

lines,  one  of  which  lies,  say,  in  a  valley,  where  the  tendency  is  to  exaggerate 
tiie  sharpness  of  curves  and  angles,  while  another  lies  on  a  smoother  and 
liip;hcr  region,  where  the  tendency  is  in  the  other  direction,  these  two 
opposite  tendencies  may  combine  to  cause  most  calamitously  mistaken 
conclusions,  one  line  being  made  up  in  large  part  of  points  like  F^, 
268  and  the  other  like  Fig.  269. 

1155,  The  unassisted  eye  is  also  liable  to  be  deceived  in  many  ways 
its  to  gradients  and  elevations,  as  noticeably  in  the  following: 

4.  A  slope  looked  at  from  a  distance  always  appears  steeper  and 
higher  than  it  really  is.  especially  if  we  are  standingon  ground  descend- 
ing towards  it.  when  the  eye  tends  to  look  on  the  slope  where  we  Stand 
as  more  nearly  level  than  it  is,  and  to  exaggerate,  often  to  an  absurd  ex- 
tent, the  steepness  of  the  rising  ground  in  front.  This  is  a  familiar  ex- 
perience, which  most  men  have  learned  to  allow  for,  more  or  less.  The 
best  training  for  the  eye.  loclieck  the  danger,  is  to  study  the  phenomenon 
on  highways  or  constructed  railways,  where  the  effect  of  a  given  vertical 
angle  is  far  more  marked  thnn  on  a  natural  unbroken  surface,  for  the 
reason,  probably,  that  where  the  mind  looks  for  uniformity,  as  on  a  rail- 
way or  road,  it  is  forcibly  impressed  by  a  deviation  from  it,  but  where,  on 
the  other  hand,  irregularitic!  areluoked  for  and.  as  it  were,  "discounted" 
in  advance,  the  very  same  surf;ice  angle  produces  leas  impression. 

1196.  Another  and  perhaps  truer  explanation  of  this  and  many  other 
ocular  illusions  is  that  it  is  simply  lack  of  practice  and  training  of  the 
eye  under  those  particular  conditions.  The  child  has  absolutely  no  pei^ 
ception  of  distance  or  perspective,  and  hence  of  size,  but  puts  out  his 
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Uuiid  10  tuuch  everything  he  sees  within  his  field  of  view,  even  on  tho 
distant  horizon.  To  measure  distances  and  sizes  as  accurately  as  we  do 
l>y  the  aid  (i)  oF  the  short  base-line  of  2I  inches  between  the  two  eyes, 
and  (z)  of  our  gradually  acquired  knowledge  oF  the  probable  sizes  of  ob- 
jucts.  is  leiiUy  a  mental  process  of  extraordinary  difficulty  and  delicacy, 
which  is  only  acquired  by  the  incessant,  unconscious  practice  of  years. 
Under  the  conditions  in  which  we  have  been  most  trained  we  do  toler- 
ably well ;  but  whenever  we  strike  the  unfamiliar  and  unusual,  then  the 
e\e  reveits  to  its  original  untrained  tendency  to  bring  everything  in  the 
distance  up  Into  its  own  vicinity,  witli  an  ineviiable  distorting  effect  on 
what  the  mind  makes  out  of  the  picture  seen.  Thus  it  is  that  the  sun 
and moon  appear  to  the  eye  a  threat  deal  larger  when  tliey  are  rising  or 
seniiij;,  tiieminii  never  admiiiing  that  they  can  be  very  far  ofl,  except  when 
t»rced  to  do  so  by  seeing  tliein  beyond  the  immediate  horizon.  Thus, 
rather  llian  by  the  common  explanation  that  there  are  no  intermediate 
olijects  to  fix  on,  distances  across  water  are  always  under-estimated  by 
those  unaccustomed  to  it.  For  ihe  same  reason,  possibly,  the  eye  brings 
forward  the  fiirtlier  end  of  a  long  line  of  rails  beyond  a  hollow  until — 
aided  somewhat  by  the  iunher  assumption  that  we  are  standing  on  a 
level — they  seem  almost  to  stand  up  and  down.  For  the  same  reason, 
the  steepness  of  the  slopes  of  mountains  are  exaggerated;  and  possibly 
for  the  same  reason,  in  part  at  least,  the  immense  scale  on  which  the 
topographical  features  of  the  great  West,  Mexico,  South  America,  and 


i  are  h.id  out,  deceives  i'S  to  distances  the  Eiistern  man  or 
istomed  10  a  pellier  topography. 

tiparison  of  the  different  effect  upon  the  eye  of  railway 
iiiiiural  slopes  of  the  same  rate,  wherever  two  descending 


846 

gradie 
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:nt9  can  be  found  nearly  following  the  natural  surface,  is  an  in- 
ining  of  the  eye.  By  standing  first  on  the  track  and  then  a 
few  hundred  feet  lo  one  side,  the  difference  in  the  degree  of  the  decep- 
tion is  marked ;  but  trial  from  various  points  of  View  will  show  tbu  it 

always  eiisis,  even  on  tlie  natural  surface. 


11SB>  5.  Allied  to  tlie  above,  but  operating  more  obscurely  and  on  a 
larger  scale,  is  the  deception  which  comes  from  THE  PROPINQUITY  or 

LARGE  MASSES  OF    HILIS  OR  MOUNTAINS  when    looked    8t  from  tL  til*- 

lance.  or  even  frnm  a  mere  general  slope  in  one  direction  of  the  whole 
foreground  within  view,  especially  if  it  be  much  broken  up  in  detail  by 
<ninor  hillocks  and  ridges,  so  that  the  general  trend  of  the  surface  is  not 
readily  detected.  The  best-trained  eye  is  quite  incapable,  under  these 
circumstances,  of  estimating  horizontalitysoas  to  detect  the  lowest  points 
with  the  same  success  as  under  ordinary  circumstances.     Fig.  313,  page 


^""^s*^^ 


680,  reproduces  admirably  an  ocular  illusion  of  this  kind.  The  grades 
against  the  stream  seem  enormously  steep,  and  those  with  it  nearly  level. 
The  reverse  is  the  case  at  the  viaduct  in  the  background,  yet  everywhere 
the  rate  is  the  same.  In  Fig.  270  the  pass  A.  which  seems  to  the  eye  tA 
a  distant  observer  to  be  slightly  lower  than  B.  may  be  counted  on  with 
great  certainty  to  be  considerably  higher.  To  be  in  tact  on  a  level  with 
it,  it  must  appear  lo  the  eye  very  mucli  lower.     Fig.  270  was  sketched 
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from  an  instance  where  half  a  dozen  skilled  men  under-estimated  the 
height  of  A,  and  over-estimated  B,  by  nearly  3oo  feet,  from  a  point 
of  view  lesa  than  3  miles  oS,  over  an  apparently  level  pliUn,  on  a  line  of 
sight  nearly  parallel  with  tlie  slopes  of  the  mountain,  and  with  A  and  B 
hardly  more  than  half  a  mile  apart ;  the  pass  having  been  looked  at, 
likewise,  from  both  sides. 

1189.  Another,  the  most  extraordinary  ocular  deception  which  the 
Writer  has  ever  encountered,  and  for  which  he  could  not  then  or  later 
imagine  an  explanation,  is  badly  sketched  from  memory  in  Fig.  371.  In  a 
gently  rolling  but  much  "  accidented  "  country,  through  a  little  pass  with 
(seemingly)  long  gentle  slopa  on  each  side,  the  little  hut  appeared  only 
10  feet  above  the  bottom  of  the  notch  less  than  400  ft.  off.  when  in  fact 
it  was  80  ft.,  there  being  in  this  case  no  preponderance  of  large  masses 
on  either  side  of  the  field  of  view  to  unbalance  the  eyesight.  This  decep- 
tion, likewise,  was  common  to  every  man  of  a  large  and  experienced 
corps,  and  perhaps  came  from  an  obscure  train  of  association  with  a  sharp 
and  tremendous  descent  a  short  distance  back  (1500  feet  in  a  six-mile 
view),  which  might  have  been  seen  in  part  by  eyes  in  the  back  of  one's 
head  while  looking  at  the  hut,  but  which  neither  existed  in  fact  nor  ap- 
peared to  exist  in  the  view  taken  in  by  the  natural  eyesight,  as  rudely 
and  very  inadequately  sketched  in  Fig.  271.  The  hut  looks  far  too  high 
in  the  cut.  and  the  very  bottom  of  the  valley  was  in  sight. 

1160.  Similar  ocular  illusions,  and  perhaps  more  remarkable  ones, 
may  be  seen  wherever  there  are  irrigating  or  other  nearly  level  ditches 
winding  around  the  slopes  of  mountains  above  rapidly  descending  val- 


leys. They  invariably  appear  to  run  up  hill,  and  often  in  a  very  marked 
and  extraordinary  way.  as  with  many  of  the  irrigating  ditches  of  Colorado. 
These  examples  are  but  pronounced  types  of  frequent  topographical 
irregularities,  which  make  the  eyesight  utterly  worthless  for  measuring 
important  elevations  and  slopes  in  certain  localities;  and  where  those 
localities  are.  unfortunately,  cannot  be  determined  in  advance.  The 
aneroid  barometer,  altazimuth,  or  hand-level,  consequently,  should  be 
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constantly  used  on  reconnaissance,  and,  in  general,  all  such  pointa,if 
impDrtant,  should  be  acmally  visited,  for  another  reason: 

1161.  6.  OvKKi.Ai'!!  of  liills  or  elevated  ground  at  a  distance  are  a 
frequent  source  of  deception  and  error.  Views  which  from  a  distance 
appear  like  Fig.  272  are  found  on  nearer  acquaintance  to  be  more  like 
Fig,  273.  with  an  easy,  open  valli;y,  and  perhaps  a  running  stream  pass- 
ing tlirough  what  seemed  to  be,  "  beyond  question,"  a  solid  ridge.     lUu- 
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sions  i>{  this  Icind  are  often  very  perfert.  oven  in  tlic  near  vicinity  o£  the 
observer.  An  exani[ile  on  a  small  srale  (-^niall,  because  the  mind  realizes 
ihai  it  must  be  a  den-ption)  may  be  seen  in  Hscenrting  the  Hudson  Rivei 
when  approaching  Peckskill,  especially  in  tlii'  early  summer  evenings, 
when  the  lights  and  shades  arc  such  as  to  produce  a  very  vivid  feeling 
that  il  is  a  closed  biisin  without  further  outlet  to  the  nonh.  It  is  said 
to  be  on  record  that  it  de<  civcd  Hendrick  Hudson  bimRclf,  and  almost 
induced  him  to  turn  buck. 
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The  great  safeguard  against  errors  o(  this  kind  is:  Form  a  complete 
picture  of  the  water-shed  over  the  area  to  be  reconnoitred,  so  that  it  is 
known  where  water  (ailing  on  it  anywhere  will  flow  to. 

1162.  7.  The  eye  often  deceives  itself  in  estimating  quantities,  for 
reasons  which  in  part  result  from  what  has  preceded.  Most  serious  con- 
sequences flow  from  this,  leading  to  the  abandonment  without  survey  of 
lines — especially  valley- lines— which  should  have  been  regarded  as  the 


most  promising  of  ^tll.  The  root  of  ihe  difficully,  in  addiuuii  ii>  llic 
various  causes  o(  deception  which  have  been  noted,  lies  in  the  inHbility 
of  the  mind  lo  distinguish  (i)  between  wliat  seems  rough  and  what  is, 
and  (a)  between  what  is  rough  for  foot  or  horse  travel  and  what  is  rough 
for  railway  construction. 

The  extent  of  the  first  cause  for  deception  will  be  better  appreciated, 
by  those  who  have  had  any  considerable  experience  in  construction,  if 
they  will  but  recall  what  a  tremendous  reduction  in  the  apparent  difli- 
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culty  of  work  follows  from  the  mere  act  of  thoroughly  clearing  the 
^ound,  even  if  there  were  nothing  on  it  before  but  light  undergrowth 
and  brush.  To  a  thoroughly  trained  eye  this  should  make  no  appreci- 
able difference,  yet  the  unconscious  feeling  of  every  one  is  "well  b^;un» 
half  done." 

1163.  When  to  ordinary  timber  we  add  tangled  vines  and  undei^ 
growth,  making  progress  on  foot  exceedingly  slow  and  difficult,  this 
effect  is  increased.  We  are  apt  to  measure  distances  by  time  under  such 
circumstances,  so  that,  if  we  went  over  an  aggregate  of  lo  miles  at  one  mile 
per  hou-,  and  of  90  miles  at  five  or  six  miles  per  hour,  in  exploring  100 
miles,  we  shall  finish  with  a  feeling  that  fully  a  third  of  the  line  has  been 
very  rough.  On  the  other  hand,  when  we  strike  a  highway  and  go  along 
rapidly  over  the  ground,  we  at  least  never  exaggerate  the  difficulties 
which  we  walk  over  the  hill  to  take  a  glance  at,  and  the  long  stretches 
of  easy  country  are  what  we  have  been  most  conscious  of  and  remember 
most  vividly. 

In  Fig.  274  we  have  a  sketch  of  a  jagged  rocky  point  in  a  river  vallejr; 
in  Fig.  275  a  sketch  of  a  line  on  a  gently  rolling  side-hill.  Nine  men  in 
ten  will  be  rather  appalled  by  the  rocky  bluffs  and  take  the  side-hill  line 
very  calmly;  yet  the  chances  are  very  strong  that,  mile  for  mile,  the  val- 
ley-bluff line  will  be  the  cheapest,  in  addition  to  having  the  best  grades. 

1164.  This  results  from  the  fact  that  in  following  a  valley-line  it  is 
exceedingly  difficult  to  make  due  allowance  for  the  fact  that  Nature 
HAS  MADE  OUR  FILLS.  It  maybe  necessary  to  hit  such  a  rocky  point 
as  that  in  Fig.  274  pretty  hard,  but  never  very  hard,  because  before  we 
have  done  very  much  work  on  it  we  have  excavated  enough  material 
to  carry  the  line  past  it  on  a  fill,  even  in  a  raging  torrent;  and  hence  we 
are  not  obliged  to  hug  into  the  point,  as  on  ordinary  ground,  to  avoid 
running  our  line  above  all  supp>orting  ground  in  the  hollow  beyond. 
There  are  no  hollows  beyond.  As  soon  as  we  have  passed  this  point  we 
come,  probably,  to  a  narrow  but  sufficient  stretch  of  bottom-land,  already 
rip-rapped  with  vegetation,  and  already  standing,  as  all  bottoms  do  (when 
there  are  any)  in  such  valleys  as  that  pictured,  just  above  the  ordinary 
level  of  high-water,  so  that  they  are  not  often  overflowed  deeply  (usually 
once  in  10  to  30  years),  or  else,  when  they  are  overflowed,  are  not  sub- 
mitted to  a  destructive  current.  The  more  violent  and  rapid  the  ordi- 
nary current  the  less  likelihood  there  is  that  the  bottoms  are  often  de- 
structively overflowed.  If  overflowed,  the  current  cannot  be  rapid,  or  the 
bottoms  would  wash  away. 

Therefore,  when  we  have  passed  the  rocky  bluff  in  Fig.  274  we  have 
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comfortable  running,  and  can  get  a  good  alignment  until  we  come  to  the 
next  similar  point.  At  every  one  of  them,  although  we  are  thrown  out  to 
and  into  the  water,  Nature  has  provided  the  material  to  resist  the  water  on 
the  spot.  The  profile  of  such  a  line  is  very  apt  to  be  quite  light ;  rather 
deceptively  so  in  fact,  since  there  will  be  a  great  deal  of  work  in  protect- 
ing banks  and  working  very  steep  slopes,  which  will  not  show  on  the 
profile  at  all. 

1165.  On  ihe  other  hand,  in  Fig.  275.  gentle  as  is  its  general  effect,  we 
must  cut  into  our  hills  far  more  than  the  eye  will  appreciate  in  order  to 
avoid  enormous  fills.  If  the  slopes  be  at  all  steep  (they  might  well  be 
steeper  in  the  view  to  bring  out  the  effect  desired),  the  eye  when  reconnoit- 
ring will  underrate  the  depth  of  these  fills,  especially  from  a  distance,  by 
taking  a  mental  section  of  them  on  a  plane  normal  to  the  slope  instead  of 
on  a  vertical  plane.  The  loss  from  the  side-hill  slope  of  the  ground, 
likewise,  will  be  very  likely  to  be  under-estimated:  not  that  the  eye  will 
not  exaggerate  the  slope  of  the  ground  relatively  to  the  horizontal,  for  it 
will,  but,  by  a  seeming  paradox,  the  angle  of  the  ground  with  the  side- 
slopes  of  a  cut  or  fill  will  be  rather  underrated,  because  the  mind  men- 
tally exaggerates  the  latter  also,  and  still  more. 

It  is  almost  an  invariable  rule  that  fills  turn  out  deeper  than  they  are 
expected,  and  on  a  side-hill  line  most  of  the  water- ways  are  in  fills  of 
considerable  depth.  The  water  channels  are  also  more  ramified,  and 
hence  more  numerous,  on  high  slopes  than  lower  down  in  the  valleys, 
where  the  total  discharge  is  more,  but  the  water  has  collected  in  larger 
streams. 

Much  expense  can  be  saved  on  side-hill  lines,  and  danger  of  washouts  as 
well,  by  catching  the  water  in  a  ditch  at  or  a  little  below  grade  and  carrying  it 
under  the  road-bed  in  a  small  structure,  with  the  foundations  of  the  discharging 
end  of  the  structure  properly  secured,  instead  of  putting  the  structure  in  the 
very  bottom  of  the  gulch. 

1166.  Cul-de-sacs  are  another  incessant  source  of  deception  and  error,  al- 
though rather  due  to  negligence  or  inexperience  than  to  ocular  illusion  proper. 
It  constantly  happens  that  men  walk  into  them  as  a  mouse  into  a  mouse-trap, 
and  for  the  same  reason — blindly  following  one's  nose;  or  rather,  from  recon- 
noitring a  LINE,  foot  by  foot  and  mile  by  mile,  instead  of  an  area  as  a  whole.  A 
man  sees  a  beautiful  open  area  ahead  of  him  as  far  as  the  eye  can  reach,  prob- 
ably with  a  highway  through  it.  He  is  satisfied,  and  looks  no  farther,  until  he 
comes  to  the  end  of  it.  Then  it  is  too  late.  He  has  accepted  his  line  so  far 
as  a  finality,  and  knows  no  other.  He  assumes  that  he  can  do  nothing  better 
behind,  and  "  therefore"  must  get  out  of  his  trap  ahead  as  best  he  can.  Unless 
he  is  confronted  with  very  great  difficulties,  he  is  likely  to  do  so.     To  read  in 
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cold  print,  this  seems  an  improbable  bit  of  stupidity.     It  is  one  of  the  common. 

est  of  faults. 

1167i  A  single  instance  on  an  important  survey,  affecting  40  miles  of  line, 
will  illustrate  how  it  happens.  In  a  very  broad  flat  valley  which  extended  for  six 
or  eight  miles  farther  a  dry  run  was  encountered.  It  was  assumed  to  drain  to 
the  west,  and  passed  as  of  no  moment.  It  really  drained  to  the  east,  through 
a  small  rocky  overlap  about  two  miles  off,  which  opened  out  half  a  mile  be- 

■ 

yond  Into  a  broad  open  valley  leading  directly  to  the  desired  terminus.  The 
cnl-d€-sac  gave  a  fine  line  as  long  as  it  lasted,  and  then  over  20  miles  of  rather 
heavy  work,  with  bad  grades  and  bad  curves,  yet  it  was  run  by  an  engineer  of 
large  experience,  and  came  very  near  being  built. 

1168.  Of  all  these  types  of  ocular  deceptions  there  are  many  varia« 
tions.  To  thoroughly  guard  against  them  comes  with  experience  alone, 
and  rarely  with  that.  Until  they  have  been  learned  by  experience,  and 
the  engineer's  "  personal  equation '  determined,  very  wide  limits  of 
error  alone  can  be  safely  assumed.  Nevertheless,  provided  the  danger 
of  error  be  realized,  it  is  not  a  particularly  serious  one,  because  errors 
of  the  eye  will  be  checked  by  surveys.  The  greater  danger  is  that 
the  untrained  eye  will  tell  such  wholly  delusive  tales  as  to  make  the 
worse  appear  the  better  course,  and  cause  that  line  or  part  of  a  line  to 
be  rejected  without  survey  which  was  really  the  best.  To  guard  against 
this  danger,  and  not  to  advise  substituting  the  eye  for  the  precision  of 
surveys  except  within  known  limits  of  safety,  this  chapter  has  been 
written. 


1169.  A  single  example  of  the  way  in  which  ocular  illusions  and  some 
of  the  causes  mentioned  in  the  previous  chapter  may  .combine  to  lead  to 
wrong  conclusions  by  errors  of  reconnaissance,  pure  and  simple,  may  be 
of  value  to  save  the  student  from  underrating  the  magnitude  and  im- 
minence of  the  dangers  against  which  he  has  been  cautioned.  It  sum- 
marizes the  facts  of  a  very  important  piece  of  line  on  which  a  number 
of  causes  combined  to  bring  about  calamitously  wrong  conclusions. 
Those  particular  causes  for  wrong  conclusions  against  which  cautions 
have  been  given  are  printed  in  italics.  The  map  is  modified  somewhat, 
but  the  other  conditions  are  in  no  way  exaggerated.  Appendix  C  con- 
tains another  example,  and  the  writer  had  made  a  list  of  nearly  a  dozen 
others  which  he  had  intended  to  annotate  similarly,  but  space  forbids. 

The  line  was  about  100  miles  long  from  A  to  G,  Figs.  276-7,  through 
a  region  of  much  difficulty  after  reaching  the  crucial  point  B  or  B\ 
where  an  exit  was  to  be  found  from  an  easy  open  basin  surround*ng 
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A.  An  titakliiktd  and  mn(k-4ravtU*d  k^kway  followed  the  general 
route  selected,  ABCFG.  TJU  fiass  B  was  a  UttU  tasier  than  ff,  and 
seemed  for  special  reason?  niucli  easier  tliao  it  was.  7>«  diffituMtt  of 
emulruelivH  were  distributed  over  almost  the  entire  line  ACG,  so  that, 


although  a  costly  line  in  the  a((gregate,  the  work  was  at  no  point  of  a 
specially  forbidding  cliaracier. 

Another  route,  AB'DEG.  for  the«e  and  other  more  pardonable  rea- 
sons, was  not  even  examined  until  too  late.     The  pass  B"  was  slightly 
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the  preliminary  at  any  point,  unless  by  accident,  nor  is  there  any  inten- 
tion that  it  should,  nor  is  the  location  checked  by  the  preliminary,  to  any 
great  extent,  but  by  the  profile  and  topography. 


Fig.  283.— Prbliminary  and  Locatbd  Line. 


TRANSIT  VS.  COMPASS  LINES. 

1185.  An  unreasonable  prejudice  exists  in  the  minds  of  some  engi- 
neers against  compass  lines,  because  of  a  false  assumption  that,  because 
there  is  a  certain  lack  of  precision  in  it,  the  work  is  therefore  inaccurate. 
On  the  contrary,  the  chances  of  substantial  accuracy  in  the  final  result, 
considered  as  a  whole,  are  better  with  the  compass  than  with  a  hasty 
transit  line  (it  being  assumed  that  no  local  attraction  exists),  since  large 
cumulative  errors  cannot  occur  in  the  one  case,  while  they  can  in  the 
other.    This  is  evident  if  we  consider  how  the  two  lines  are  run. 

A  compass  line,  strictly  so  called,  is  run  entirely  by  foresight,  guided 
by  the  needle  alone.  The  chief  of  party  goes  first,  accompanied  by  the 
"  back  flag/'  who  is  now  a  front  flag,  and  picks  out  the  points  to  which 
to  run  (unless  a  straight  line  is  being  run,  where  the  line  is  given  from 
the  instrument  as  soon  as  the  compass  has  come  to  rest).  The  chain- 
men  follow,  the  head  chainman  behind,  chaining  in  a  straight  line  as 
nearly  as  the  eye  can  determine  from  the  point  where  the  instrument  is 
standing  toward  the  flag.  As  the  line  is  sighted  in  by  foresight  this  is 
near  enough  for  all  practical  purposes,  since  more  than  two  or  three 
inches  deviation  is  not  probable. 

The  transitman,  or  rather  compassman,  is  at  the  rear  of  the  whole 
party,  and  simply  takes  the  bearing  of  each  line  by  the  needle,  or,  if  a 
given  line  is  to  be  continued,  gives  the  proper  line  to  the  flagman  in  ad- 
vance as  nearly  as  it  can  be  determined  from  the  needle.  If  a  tree  or 
other  obstruction  is  met,  the  instrument  is  simply  moved  to  the  other 
side  of  it.  placed  on  the  same  line  prolonged  as  nearly  as  may  be  (it  may 
be  a  foot  or  even  two  or  three  feet  off),  and  reset  to  the  same  bearing.  If 
accurately  reset,  it  will  give  a  line,  not  the  same  as  the  original,  but  par- 
allel thereto.     Usually  there  is  a  few  minutes'  error  in  each  bearing  to 


^54  CHAP,  XXVIII.^OCULAR  ILLUSIONS. 

higher  and  more  difficult  of  approach.  Upon  reaching  it  the  outlook  for 
the  next  few  miles,  to  the  pass  A — which  was  indeed  visible  from  B,  bui 
could  not  be  recognized  as  a  pass  from  that  distance  owing  to  an  overlap, 
so  that  the  mountain  range  appeared  unbroken, — was  over  a  deep  and 
ugly  basin,  and  so  was  exceedingly  forbidding,  admitting  of  easy  grades 
but  plainly  requiring  heavier  work  and  worse  alignment  to  get  them  than 
any  stretch  of  equal  length  on  the  other  line.  On  the  other  hand. /i^/iv* 
tire  difficulties  of  construction  were  concentrated  on  this  short  stretch  of  6 
to  8  miles.  Once  through  the  pass  D  {which  could  be  reached  from  B* 
only  with  much  difficulty  and  a  long  detour),  an  open  and  unobstructed 
valley  admitted  of  a  light  and  straight  surface-line  for  some  6o  miles  to 
the  point  E, — a  traffic  of  special  value  to  the  line  being  distributed  from 
K  to  //.  At  £*  a  valley  was  struck  leading  by  a  comparatively  easy  de- 
scent directly  to  the  terminus  G,  whereas  the  other  line  at/^'was  so  high 
above  the  valley  that  a  costly  side-hill  descent  on  a  heavier  grade  was  the 
only  resource.  The  comparative  profiles  of  the  two  lines  are  shown, 
without  exaggerating  the  contrast,  in  Fig.  277. 

The  dotted  line  was  in  this  case  superior  in  every  detail,  unless  pos- 
sibly in  cost,  for  the  stretch  B'D,  although  not  over  8  miles  long,  was 
more  costly  than  any  40  miles  on  the  other  line.  But  the  grades  were 
materially  better,  the  line  shorter  and  with  less  curvature,  and  the  local 
traffic  it  ollered  was  many  times  more  valuable  than  all  on  the  other  line 
put  together. 

1170.  The  error  on  reconnaissance  lay  in  passing  the  point  B  with- 
out completely  investigating  all  the  possibilities  of  the  line  B^D  before 
leaving  it,  and  so  determining  for  a  certainty  that  the  possible  line  turn- 
ing oil  through  the  gap  to  the  left  not  only  began  bad,  but  continued 
bad.  Once  having  passed  through  B,  and  accepted  that  pass  as  a 
finality,  the  case  was  hopeless.  The  two  lines  then  speedily  diverged 
from  each  other  completely,  till  they  were  40  miles  apart  and  1500  feet 
different  in  elevation.  Ctlien  became  another  fixed  point,  from  which 
there  was  no  possible  escape.  F  and  H*  in  their  turn  followed ;  and 
when  at  last  the  long  and  open  valley  E  came  within  sight,  the  false 
premise  that  B  must  be  the  pass,  now  70  miles  behind,  made  it  a  legiti- 
mate and  logical  conclusion  that  it  offered  no  possibilities  for  considera- 
tion. 

1171,  Had  the  reconnaissance  happened  to  begin  from  G^  the  error 
would,  in  this  particular  instance,  have  been  avoided,  for  the  natural 
line  GEHD  would  almost  certainly  have  been  followed  in  the  first  in- 
stance, no  natural  line  whatever  existing  in  the  direction^///'/'',  so  that  a 
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large  portion  of  the  whole  cost  of  the  line  was  concentrated  on  the  initial 
stretch  GH\ 

This  very  circumstance,  however,  with  the  conditions  of  relative  ad- 
vantage reversed  (especially  with  the  pass  B  a  little  less  tempting  and 
no  highway  along  GFCA),  would  have  been  almost  certain  to  result  in  an 
error  precisely  similar  in  principle,  with  a  reverse  result.  Starting  at  G, 
the  fine  open  line  GEH  would  have  been  followed  with  increasing  cer- 
tainty that  it  was  the  only  line  to  take,  the  possibility  t?/f' having  been 
turned  from  as  out  of  the  question  or  perhaps  impossible  (almost  cer- 
tainly the  latter  with  an  inexperienced  man,  for  it  took  much  skill  to 
obtain  it).  Arriving  at  D,  the  reconnoiterer  would  find  himself  in  a  cul- 
de-sac,  caught  in  the  mazes  of  his  own  negligence  and  hasty  preposses- 
sions. A  beautiful  line  was  behind  him,  but  8  miles  of  tunnels  and  via- 
ducts were  before  him,  from  which  there  was  absolutely  no  escape  with- 
out going  back  again  to  G,  mentally  as  well  as  physically,  and  picking 
out  tlie  line  GHFC,  every  foot  of  which,  while  nowhere  excessively  diffi- 
cult, was  a  forced  line,  resulting  from  having  got  into  the  hole  C  and 
having  to  get  out  of  it  somehow  in  the  direction  G,  Under  these  cir^ 
cunistances,  there  being  but  the  two  lines,  so  widely  separated,  it  would 
have  been  well-nigh  a  certainty  that,  had  the  reconnaissance  began  at 
G  instead  of  /I,  the  tempting  plains  GD  would  have  proved  an  even  more 
irresistible  bait  than  the  pass  B  to  bias  the  mind  against  fair  and  com- 
plete examination  of  even  the  possibilities  of  the  other  line. 

1172t  The  writer  is  able  to  give  no  more  apt  illustration  than  this  oi 
the  importance  of  following  the  seemingly  over-minute  instructions  of 
this  and  the  preceding  chapter,  whether  because  of  the  importance  of  the 
instance,  or  becjiuse  of  the  salient  and  marked  topographical  features, 
which  do  not  confuse  the  mind  with  a  multitude  of  detail.  There  was 
just  one  point  on  the  line  of  reconnaissance,  and  that  point  one  affording 
a  most  forbidding  and  helpless  outlook,  where  there  was  reasonable 
chance  to  discover  the  error.  Guessing  that  an  overlapped  mountain 
eij^ht  miles  off  had  no  pass  through  it,  and  that,  even  if  it  had,  the  ragged 
eight  miles  which  could  be  seen  meant  a  ragged  eighty  miles  beyond  it 
which  could  not  be  seen,  and  which  was  smooth  as  a  prairie,  caused  the 
error.  Examples  might  easily  be  multiplied  of  similar  errors,  and  some 
of  them,  as  in  the  instance  mentioned  in  Appendix  C,  of  much  greater 
magnitude.  Valley  lines  are  particularly  apt  to  be  rejected  in  this  way, 
without  thorough  examination,  because  of  supposed  obstacles  which  are 
largely  imaginary. 


^ 
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CHAPTER  XXIX. 


WHEN    TO   MAKE   SURVEYS. 


1173.  The  reconnaissance  having  been  thoroughly  and  carefully  made, 
the  most  important  part  of  the  location  is,  in  general,  concluded.  For, 
assuming  all  business  as  well  as  topographical  questions  to  have  been  as 
carefully  weighed  as  is  possible  in  advance  of  surveys,  a  difference  be- 
tween any  two  lines  which  cannot  be  detected  by  such  an  ezaminatioo 
can  hardly  be  a  vital  one.  seriously  affecting  the  future  of  the  property. 

Nevertheless,  although  really  ruinous  errors  can  rarely  come  from  an 
inadequate  amount  of  sur\'eying  or  from  imperfect  balancing  of  their 
nice  results,  good  or  bad  judgment  in  the  conduct  of  surveys  may  well 
make  a  large  difference  in  the  earning  capacity  of  the  line,  and  a  still 
larger  difference  in  first  cost, — that  so  often  vital  consideration  for  the 
original  projectors. 

1174i  Drawing  an  analog)'  from  the  construction  of  a  building,  the 
reconnaissance  is  like  the  selection  of  the  site  for  a  building,  the  deter- 
mination of  its  size  and  general  plan,  and  the  rough  but  (in  skilled  hands) 
close  guessing  at  the  cost  of  comparative  plans.  The  survey  is  like  the 
preparation  of  the  detail  plans  and  exact  estimation  of  cost.  The  con- 
struction of  a  railway  is  like  the  construction  of  a  building  after  all  these 
details  have  been  determined. 

1175.  The  seeming  piiradox  is  yet  true,  that  both  too  much  and  too 
little  time  and  money  is  generally  devoted  to  surveys.  Too  many  miles 
of  line  are  surveyed,  but  that  which  is  surveyed  iS  not  surveyed  as  well 
and  thoroughly  as  it  should  be.  Tlie  perhaps  dangerous  assertion  (dan- 
gerous because  it  may  give  an  excuse  for  hasty  and  over-confident  con- 
clusions) has  already  been  made  (par.  1 128),  that  more  often  than  not  there 
is  only  one  general  route  between  two  points  to  be  connected  by  railway 
of  sufficient  comparative  promise  to  justify  even  a  flying  line  over  it;  but 
good  and  certain  reasons  should  appear  for  failing  to  run  at  least  two 
lines.  Doubtless  sometimes  there  may  be  real  necessity  to  survey  three 
or  more  lines,  but  the  writer  has  never  happened  to  meet  such  a  case. 
Considerations  of  policy,  however,  often  require  the  running  of  numerous 
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lines  for  which  no  engineering  necessity  exists;  and  in  the  study  of  the 
details  of  location,  over  distances  of  one  to  twenty  miles,  there  are  often 
a  dozen  or  more  different  lines  or  modifications  of  lines,  which  will  re- 
quire to  be  attentively  studied. 

1176.  The  true  method  of  determining  whether  or  not  there  is  need 
to  survey  more  than  one  general  route  is  this : 

Having  carefully  examined,  in  the  manner  detailed  at  length  in  the 
preceding  chapter,  every  possible  line,  and  having  gathered  as  full  details 
as  possible  of  the  actual  cost  and  gradients  and  resulting  traffic  and 
earnings  of  other  lines  from  previous  experience  and  study  of  recorded 
results,  a  maximum  and  minimum  estimate  should  be  made  of  each  ; 
that  is  to  say,  it  should  be  said  of  each,  "  This  line  will  apparently  af- 
ford gradients  of  —  per  cent,  which  estimate  cannot  (guarding  well 
the  'cannot')  be  in  error  more  than  —  per  cent  either' way,  giving 
a  range  for  possible  error  of  judgment  of  from  —  to  —  per  cent.     Its 

cost  will  apparently  be  about  $ ,  and  cannot  range  above  or  below 

this  estimate  more  than  —  per  cent  either  way.  It  will  reach  (such  and 
such)  sources  of  traffic  more  (or  less)  than  the  other  lines,  wliich  cannot 

add  less  than  $ per  annum  to  the  net  revenues  of  the  company, 

and  might  add  as  much  as  $ .     In  the  minor  details  of  distance, 

curvature,  and  rise  and  fall  it  has  advantages  (or  disadvantages)  which 
may  be  considered  as  liable  to  affect  the  future  revenues  per  annum  of 
the  company  by  from  $ to  $ ." 

If.  then,  after  making,  with  more  or  less  elaboration,  an  estimate  of 
this  kind  for  each  of  the  various  possible  lines,  it  be  found  that,  taking 
the  most  unfavorable  view  deemed  possible  of  that  line  which  seems  the 
best,  it  is  still  a  better  line  than  the  most  favorable  possible  result  from 
any  of  the  others,  it  is  a  waste  of  time  and  money  to  survey  more  than 
one  line. 

1177.  In  the  application  of  this  rule  there  is  real  danger  of  error,  but 
the  danger  lies,  not  in  the  rule  itself,  but  in  careless  or  over-confident 
application  of  it;  not  in  taking  mere  guesses  at  maxima  and  minima  as 
decisive,  but  in  failing  to  make  the  limits  wide  enough.  Even  with  the 
most  elaborate  precautions  all  human  judgment  is  fallible.  No  amount 
of  surveys  will  do  much  to  prevent  an  incompetent  man  from  selecting 
and  building  one  of  the  many  possible  wrong  lines  instead  of  the  one 
right  line  which  he  should  have  chosen.  On  the  other  hand,  no  amount 
of  skill  and  experience  will  make  a  man's  unassisted  judgment  as  to  the 
absolute  results  of  a  possible  future  survey  anything  more  than  the  rudest 
of  rude  approximations.     Nevertheless,  the  most  inexperienced  engineer 
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knows  that  a  line  in  average  country  cannot  cost  more  than  the  St. 
Gothard  Railway  nor  less  than  the  cheapest  line  he  can  find  record  of 
over  the  Illinois  prairies,  and  that  the  grade  which  he  can  certainly  attain 
lies  somewhere,  say,  between  a  level  and  2  percent.  A  moderate  amount 
of  experience  and  skill  enables  these  limits  to  be  much  contracted,  while 
still  leaving  margin  enough  to  afford  as  nearly  absolute  safety  as  is  pos* 
sible  in  human  affairs.  It  is  in  the  rash  and  over-confident  fixing  of  the 
limits  that  the  danger  lies, — and  it  is  a  great  one, — and  not  in  the  delib- 
erate and  conscious  acting  upon  them  after  once  fixing  them ;  for  it 
must  be  done  consciously  or  unconsciously  in  any  case,  sooner  or  later. 

1178.  Acting  upon  the  rule  given  will  generally  lead  the  quite  inex- 
perienced man,  moreover,  to  survey  two  lines  at  least,  as  it  is  but  right 
that  it  should,  because  his  limits  of  error  are  so  very  wide.  The  unduly 
great  importance  attached  to  the  minor  details  of  alignment,  distance, 
curvature,  and  rise  and  fall  is  responsible  for  much  unnecessary  survey- 
ing. In  these  details  large  differences  very  often  exist,  and  how  large 
they  are  can  only  be  determined  with  any  degree  of  precision  by  actual 
survey.  But  this  is  not  so  of  traffic  advantages,  nor  even  of  grades,  nor 
do  surveys  help  to  develop  the  former. 

1179.  Even  in  the  case  of  lines  through  difficult  country,  passing  over 
one  or  more  high  summits  and  with  no  local  traffic  to  consider,  connect- 
ing terminals  only,  it  will  in  general — although  with  not  infrequent  ex- 
ceptions— be  found  that  thorough  and  faithful  reconnaissance  will  remove 
all  doubt  as  to  which  is  the  proper  route;  many  details,  of  course,  requir- 
ing extensive  examination.  The  lowest  pass  or  passes  are  so  commonly 
the  only  proper  place  for  the  line,  that  it  may  almost  be  said  to  be  a  law 
of  nature,  and  the  lowest  pass  can  be  determined  with  close  approxima- 
tion by  the  barometer  and  study  of  the  drainage  lines  alone.  The  natural 
advantages  of  routes  by  the  lowest  pass  result,  not  alone  from  its  lowness, 
but  from  the  fact  that  at  such  points  natural  causes  have  produced  more 
manageable  slopes,  a  greater  proportion  of  good  material,  and  a  shorter 
distance  to  pass  over  before  reaching  the  easier  and  more  practicable 
country,  affording  favorable  grades  and  cheap  construction.  The  lines 
from  Vera  Cruz  to  the  city  of  Mexico,  described  m  Appendix  C,  are  an 
example  on  an  immense  scale  of  the  certainty  with  which  a  single  gen- 
eral route  can  be  picked  out  as  alone  worthy  of  instrumental  examination, 
even  in  regions  of  the  most  extreme  difliculty.  Too  much  is  trusted 
to  surveys,  because  only  the  facts  determined  on  survey  are  taken  mto 
consideration.  As  a  rule,  the  general  route  may  safely  be  selected  in 
advance  by  reconnaissance  merely.     If  the  engmeer  be  not  able  to  select 
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wisely  without  surveys,  he  will  be  no  better  able  after  the  surveys  are 
completed.     But  to  this  rule  there  are  exceptions. 

f  1180.  In  such  cases  as  Fig.  278,  where  there  is  a  certain 

natural  line  which  manages  to  miss  three  or  four  consider- 
able towns,  CDEF,  lines  running  to  and  into  those  towns 
should  always  be  run,  as  shown  by  the  dotted  lines,  whether 
£  the  other  line  is  run  or  not.  This  is  a  very  common  case, 
because  towns  are  apt  to  be  in  hollows  or  otherwise  incon- 
venient of  access,  and  a  better  grade,  as  well  as  cheaper 
right  of  way,  can  often  be  had  by  keeping  away  from 
them. 

The  dotted  line  in  Fig.  278  is  a  very  awkward  looking 
line  by  comparison  with  the  solid  one,  but  if  its  comparative 
length  be  carefully  measured,  it  will  be  found  to  differ  but  a 
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trifle  in  length  while  its  operating  advantages  are  materially  greater 
unless  its  grades  should  be  decidely  against  it. 

1181.  In  such  cases  as  Figs.  279,  280,  the  line  running  through  BC 
should  likewise  be  always  run.  This  is  more  likely  to  be  done  with 
Fig.  279  than  with  Fig.  280.  In  each  the  distances  AB,  BC,  and  CD  are 
precisely  the  same;  but  the  angular  deviation  from  the  desired  direction 
is  greater  in  Fig.  280,  making  it  correspondingly  repellent.  By  varying 
the  intermediate  distances,  leaving  the  aggregate  the  same,  much  greater 
contrasts  can  be  obtained,  as  the  reader  can  find  out  in  a  rather  in- 
structive way  with  a  piece  of  black  thread  and  a  few  pins. 
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CHAPTER  XXX. 

THE   FIELD-WORK   OF   SURVEY& 

1182.  In  general,  the  economical  manner  of  making  surve3rs  of  a  route 
which  it  has  once  been  decided  to  survey,  and  which  offers  any  p.ppreci- 
ablo  ilitriculiies.  is  us  follows: 

The  surveys  should  be  planned  from  the  beginning  with  the  idea  that 
not  loss  than  three,  generally  four,  and  frequently  five,  successive  lines 
will  be  run  over  the  route  for  the  purpose  of  fully  completing  the  final 
location,    viz.:     An     KXPU>KAT1()N   line,    FIRST     PRELIMINARY,    SKCOND 

i*RKi  iMiNARv.  KiRsr  LOCATION,  FINAL  LOCATION.  The  attempt  to  do 
with  lo>s  than  this  on  lines  of  any  considerable  difficulty  is  false  economy; 
or  rather,  ii  is  an  attempt  at  economy  which  does  not  usually  result  in 
any  real  saving  of  either  time  or  money,  even  in  the  mere  direct  cost  of 
the  survey,  while  it  does  seriously  endanger  the  excellence  of  the  com- 
pleted work.  Running  what  may  appear  to  be  so  many  lines  doe«  not 
necessarily  involve  devoting;  much  more  time  to  surveys,  but  only  dis- 
tributing the  work  somewhat  differently. 

1183.  First,  the  kxim.oration  line,  or  what  is  popularly  called  a 
••  slioo-fly"  line,  should  be  run  .is  rapidly  as  possible  over  the  entire  route 
which  it  is  contemplated  will  ultimately  constitute  the  road.  In  the 
case  of  very  long  lines,  circumstances  may  make  it  necessary  to  carry  on 
and  complete  the  surveys  by  sections,  but  this  is  to  be  regretted  and 
avoided. 

The  pur|K)se  of  this  first  line  should  be  merely  to  get  a  general  idea 
of  the  topography  of  the  countr\',  and  especially  of  the  gradients,  and  it 
should  be  passed  over  all  alternate  routes  which  it  is  proposed  to  survey 
later  as  they  are  encountered.  No  attempt  to  study  the  location  in  de- 
tail should  be  made,  except  to  make  sure  that  the  line  being  passed  over 
is  certainly  feasible,  and  probably  on  the  most  favorable  ground  in  the 
vicinity,  especially  in  respect  to  gradients. 

For  this  line  a  mere  compass  line  will  not  only  answer  as  well,  but  is 
'n  general  decidedly  preferable  to  a  transit  line,  except  in  easy  open  coun- 
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try,  for  reasons  discussed  in  par.  1 185.  It  gives  a  mere  string  of  distances 
.  and  elevations  from  which  to  construct  a  scheme  of  grades  and  lay  out 
the  line  as  a  whole.  Tlie  following  line  is  not  guided  by  it  in  any  ac- 
curate way,  nor  is  even  a  map  of  it  to  a  large  working  scale  generally 
worth  the  making. 

The  limit  of  speed  will  lie  in  the  levelling,  and  accordingly  tworodmen 

should  be  used  if  there  be  only  one  leveller,  or  better,  two  complete  level 

Darties  (especially  if  the  country  is  at  all  rough),  to  be  jumped  over  each 

nher's  heads.    This  extra  force  does  not  expedite  the  work  enough  to 

)ay  if  the  levelling  only  were  to  be  considered,  but  as  the  time  of  the 

/hole  party  is  to  be  considered,  it  does  pay,  and  it  is  to  some  extent  a 

ifeguard  against  errors,  as  the  levellers  are  not  so  hurried.    Sometimes 

n  extra  man  to  keep  notes,  with  two  rodmen.  may  be  preferable  to  two 

.   vel  parties. 

A  full-scale  profile  of  the  ordinary  form  may  or  may  not  be  made : 
it  will  probably  be  a  waste  of  time  to  make  it  for  the  entire  distance ; 
but  a  small  scale  profile,  to  about  one  tenth  the  usual  horizontal  scale 
and  one  fifth  the  usual  vertical  scale  (par.  905),  should  by  all  means  in  all 
cases  be  made.  Fig  281  shows  one  form  of  such  profile  for  a  completed 
road,  to  a  scale  of  about  one  inch  per  mile,  as  engraved,  which  was  origi- 
nally 4000  feet  per  inch,  or  ten  times  the  usual  profile  scale.  It  is  un- 
necessary to  encumber  a  similar  profile  for  location  purposes  with  details 
of  the  minor  structures. 

Following  this  line  comes — 

1184  Secondly,  THE  PRELIMINARY  LINE  proper  (which  may  be  two 
successive  lines),  which  is  to  serve  as  the  basis  for  the  final  location.  On 
this  line,  in  all  but  very  easy  country,  careful  topography  should  be  taken, 
and  taken  in  the  field,  in  the  manner  considered  in  Chap.  XXXI.  The 
purpose  of  the  preliminary  is  to  serve  as  a  framework  for  this  topog- 
raphy and  the  located  line,  and  it  is  run  to  follow  closely  the  ground 
where  the  location  is  likely  to  lie,  as  nearly  as  the  eye  can  estimate  it, 
using  any  angles  which  come  handy  for  this  purpose.  Fig.  282  shows 
how  a  very  well  located  preliminary  is  apt  to  lie  with  relation  to  the  lo- 
cated line,  being  very  close  to  it,  and  yet  entirely  independent  of  it.  The 
average  preliminary  will  diverge  from  the  location  more  tiian  that  shown. 

This  line  also  may,  without  any  serious  disadvantage,  and  with  cer- 
tain considerable  advantages,  be  a  compass  Hua,  if  any  time  is  thereby 
saved  to  be  devoted  to  more  important  matters.  The  only  advantage  of 
a  transit  bne  (and  it  is  a  slight  one)  is  that  it  enables  the  map  to  be  some- 
what more  accurately  made.    The  located  line  does  not  coincide  with 
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the  preliminary  at  any  point,  unless  by  accident,  nor  is  there  any  inten- 
tion that  it  should,  nor  is  the  location  checked  by  the  preliminary,  to  any 
great  extent,  but  by  the  profile  and  topography. 


Fig.  383.— Preliminary  and  Located  Limb. 


TRANSIT  VS.  COMPASS  LINES. 

1185.  An  unreasonable  prejudice  exists  in  the  minds  of  some  engi- 
neers against  compass  lines,  because  of  a  false  assumption  that,  because 
there  is  a  certain  lack  of  precision  in  it,  the  work  is  therefore  inaccurate. 
On  the  contrary,  the  chances  of  substantial  accuracy  in  the  final  result, 
considered  as  a  whole,  are  better  with  the  compass  than  with  a  hasty 
transit  line  (it  being  assumed  that  no  local  attraction  exists),  since  large 
cumulative  errors  cannot  occur  in  the  one  case,  while  they  can  in  the 
other.    This  is  evident  if  we  consider  how  the  two  lines  are  run. 

A  compass  line,  strictly  so  called,  is  run  entirely  by  foresight,  guided 
by  the  needle  alone.  The  chief  of  party  goes  first,  accompanied  by  the 
'*  back  flag,"  who  is  now  a  front  flag,  and  picks  out  the  points  to  which 
to  run  (unless  a  straight  line  is  being  run,  where  the  line  is  given  from 
the  instrument  as  soon  as  the  compass  has  come  to  rest).  The  chain- 
men  follow,  the  head  chainman  behind,  chaining  in  a  straight  line  as 
nearly  as  the  eye  can  determine  from  the  point  where  the  instrument  is 
standing  toward  the  flag.  As  the  line  is  sighted  in  by  foresight  this  is 
near  enough  for  all  practical  purjxDses,  since  more  than  two  or  three 
inches  deviation  is  not  probable. 

The  transitman,  or  rather  compassman,  is  at  the  rear  of  the  whole 
party,  and  simply  takes  the  bearing  of  each  line  by  the  needle,  or,  if  a 
given  line  is  to  be  continued,  gives  the  proper  line  to  the  flagman  in  ad- 
vance as  nearly  as  it  can  be  determined  from  the  needle.  If  a  tree  or 
other  obstruction  is  met,  the  instrument  is  simply  moved  to  the  other 
side  of  it,  placed  on  the  same  line  prolonged  as  nearly  as  may  be  (it  may 
be  a  foot  or  even  two  or  three  feet  off),  and  reset  to  the  same  bearing.  If 
accurately  reset,  it  will  give  a  line,  not  the  same  as  the  original,  but  par- 
allel thereto.     Usually  there  is  a  few  minutes'  error  in  each  bearing  to 
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one  side  or  the  other.  On  the  other  hand,  when  the  line  behind  is 
visible,  it  is  very  common,  even  in  running  compass  lines  to  run  by  back 
sight  for  considerable  distances,  as  on  a  transit  line,  or  at  least  to  check 
the  bearings  thereby.  This  practice  does  not  especially  conduce  to  real 
accuracy,  however,  but  rather  the  contrary. 

1186.  A  transit  line,  on  the  other  hand,  is  run  entirely  by  back  sight, 
from  an  accurate  sight  on  a  plug,  and  all  angles  are  measured  exactly  by 
the  vernier.  It  is  very  much  more  precise  than  a  compass  line,  and  is 
the  only  suitable  method  for^  running  in  location  lines,  and  the  only 
method  now  practised,  although  it  was  not  used  in  the  earlier  days  of 
railways.    It  has  these  disadvantages : 

1.  It  requires  the  cutting  away  of  all  obstructions,  or  tedious  offsets 
around  them,  thus  causing  great  loss  of  time  and  needless  destruction  of 
vegetation. 

2.  Any  error  in  measuring  or  laying  off  an  angle  is  cumulative,  or 
continued  indefinitely  in  plotting  the  notes.  To  guard  against  this,  the 
angles  in  well-conducted  transit-work  are  always  checked  by  the  needle, 
but  nevertheless  this  danger  causes  frequent  annoyance  in  practice. 

3.  The  angles  measured  are  never  used  as  such  in  properly  conducted 
mapping,  but  have  to  be  reconverted  into  bearings.  This,  however,  is  a 
small  matter,  and  may  and  should  be  avoided  in  the  manner  described  in 
par.  1242. 

1187.  On  the  other  hand,  there  is  this  to  be  said  for  the  transit  line — 
that  it  is  not  un frequently  the  case  that  no  time  is  saved  by  using  the 
compass  instead  of  the  transit,  since  the  level  limits  the  rate  of  prog^ss 
in  any  case.  When  this  is  so,  it  is  undoubtedly  as  well  to  run  the  more 
accurate  line,  and  wherever  there  is  danger  of  local  attraction  it  is  the 
only  proper  one  to  run.  But  it  should  be  clearly  recognized  that  the 
transit  line  is  to  be  preferred  only  for  these  reasons,  and  that  wherever 
they  do  not  obtain,  the  true  engineer  will  immediately  adopt  the  compass 
instead.  The  not  infrequent  notion  that  the  use  of  the  compass  is  de- 
rogatory to  his  skill  and  unworthy  of  him,  simply  because  it  is  less  pre- 
cise, is  absurd.  Under  the  doctrine  of  chances,  which  is  as  well  estab- 
lished as  the  law  of  gravitation,  the  probable  average  error  in  a  series 
of  observations  decreases  as  the  square  root  of  their  number.*  If  in  a 
single  observation  it  be  10  ft.,  in  100  observations  it  will  be  only  i  ft. 
each,  and  in  10,000  observations  only  o.i  ft.  For  all  the  legimate  uses 
of  preliminary  lines  (they  are  sometimes  used  illegitimately)  such  errors 
in  no  way  detract  from  its  value  and  utility. 

*  i.e.,  as  the  square  root  of  their  number  increases. 
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1188.  The  writer  has  not  found  that,  even  when  the  imperfections  of 
mapping  are  reduced  as  they  should  be  by  the  use  of  large  scales,  the 
superior  precision  of  the  transit  is  of  much  practical  moment,  and  he 
feels  a  preference  for  the  use  of  the  compass  on  preliminaries,  other 
things  being  equal,  believing  that  it  is  easier  for  all  concerned,  and  that 
there  is  less  danger  of  giving  thought  to  splitting  tacks  with  the  cross- 
hairs which  might  better  be  given  matters  of  importance.  It  is  well  for 
the  locating  engineer  to  be  frequently  reminded,  especially  in  acquiring 
his  training,  that  instrumental  accuracy  is  not  an  end  in  location,  as  in 
ordinary  surveying,  but  simply  a  means  to  an  end ;  that  a  thoroughly 
excellent  location  may  be  made  with  the  level  and  chain  alone  with* 
out  other  instruments,  and  that  a  bad  line  is  not  a  whit  better  for  being 
instrumentally  precise.  No  angular  or  lineal  error  which  is  not  great 
enough  to  affect  the  riding  of  the  locomotive  over  the  track  is  of  uiti* 
mate  importance,  while  on  the  other  hand  errors  of  judgment,  or  unwilU 
ingness  to  disturb  an  accurately  run  line  with  a  "  good  "  profile,  are  evils 
of  great  importance.  As  it  is  always  easier  and  in  the  end  less  costl5 
to  be  accurate  than  inaccurate,  the  good  engineer  always  will  be  accu- 
rate in  all  essentials,  but  he  will  not  waste  time  in  attempting  unneces- 
sary precision  which  docs  not  add  appreciably  to  the  final  value  of  his 
work. 

1189i  The  levels  should,  on  the  preliminary  lines,  be  kept  correct  by 
checking  on  the  exploration-line  benches  and  re-running  all  doubtful 
sections,  at  any  seeming  cost  to  the  progress  of  the  survey.  No  time  is 
saved  in  the  end  by  doing  otherwise.  No  time  should  be  wasted  in  try- 
ing to  keep  the  stationing  continuous. 

1190.  Whenever  the  country  becomes  quite  rough,  and  especially 
where  a  grade  line  is  to  be  fitted  to  the  ground,  the  preliminary  line 
should  from  the  beginning  be  divided  up  into  two  by  running  a  first  and 
second  preliminary.  It  might  seem  a  better  way  of  expressing  the  same 
truth  to  say  that  whenever  it  is  found  that  any  section  of  the  preliminary 
does  not  come  sufficiently  near  to  where  the  final  line  will  be,  it  should 
be  run  over;  but  that  is  not  true,  and  that  plan  of  conducting  surveys  is 
more  likely  to  result  in  loss  of  time  and  bad  work.  The  true  way  of 
conducting  surveys,  from  beginning  to  end.  is  to  recognize  in  the  begin- 
ning where  there  is  likely  to  be  difficulty  and  to  run  additional  preliminary 
lines  COMPLETE  over  those  sections,  thus  gaining  opportunity  for  more 
careful  study  and  more  thorough  knowledge.  Even  then,  there  will  be 
occasions  enough  when  it  will  be  necessary  to  "back  up"  and  correct 
false  steps  from  time  to  time  on  all  the  lines,  to  doing  which  occasionally, 
55 
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of  course,  it  is  not  intended  to  object ;  but  in  cases  where  there  seems 
more  than  an  even  chance  that  the  "  backing  up"  will  be  a  large  fraction 
of  the  advance,  it  is  always  good  practice  to  give  up  from  the  first  all 
idea  of  completing  the  preliminary  work  with  one  line. 

1191.  When  two  preliminaries  are  thus  run  .in  succession,  they  should 
in  general  be  frequently  tied  together  and  plotted  on  the  same  sheets  so 
as  to  give  continuous  topography,  all  errors  in  the  plotting  (which  with 
good  work  should  be  small)  being  left  in  the  tie-lines,  and  the  angles 
and  distances  of  the  second  preliminary  not  distorted  to  make  a  fit. 

1192.  In  extreme  cases,  as  in  that  shown  in  Fig.  2i6  and  others,  the 
difficulties  of  location  are  so  great,  for  short  distances,  that  all  idea  of 
determining  the  final  location  from  lines  must  be  abandoned,  and  a  com- 
plete topographical  study  of  the  difficult  section  made,  after  the'fashion  of 
what  was  formerly  customary  on  surveys  for  English  railways.  But  such 
cases  are  very  rare,  and,  in  general,  working  from  single  lines  is  all- 
sufficient. 

1193.  Thirdly,  The  location  line.— This  line  also  should  in  general 
be  divided  into  two  and  done  twice  over,  complete. 

It  will  save  time  often  and  money  always,  and  is  the  only  safe  way  to 
insure  good  work,  especially  where  it  is  necessary  to  entrust  a  part  of  the 
work  to  men  of  little  experience.  The  first  location  should  be  made  ap- 
proximately correct  as  it  goes  along,  by  backing  up  to  correct  the  more 
serious  and  evident  defects,  but  it  is  far  better  that  all  minor  changes 
and  modifications  should  be  merely  studied  and  thought  over  as  the  first 
location  advances,  and  that,  after  completing  the  first  line  and  taking 
adequate  cross-sections  of  it  or  of  a  considerable  part  of  it,  the  party 
should  be  recalled  to  run  the  whole  of  it  over  again,  aided  by  its  plotted 
cross-sections. 

1194.  This  results  not  only  from  the  direct  advantage  of  having  the 
details  of  the  whole  line  at  once  to  study,  but  from  the  fact  that  the 
problem  is  studied  more  coolly  and  dispassionately,  with  the  aid  of  more 
extended  knowledge  and  experience  (the  whole  party  being  now  skilled 
in  their  work),  and  without  that  strong  inducement  to  tolerate  bad  work 
and  "let  well  enough  alone"  >\hich  is  derived  from  the  tedious  and  fret^ 
ting  process  of  "  backing  up."  A  little  consideration  of  the  weaknesses 
of  human  nature  will  make  it  clear  why,  for  many  reasons,  this  should  be 
so ;  and  the  writer  cannot  urge  too  strongly  that  really  good  work  can- 
not be  otherwise  secured,  under  the  conditions  which  usually  prevaiL 
Unnecessarily  sharp  and  frequent  curvature  will  be  left  in  the  line;  side- 
hill  work  on  steep  slopes  will  have  its  centre  line  a  foot  or  two  out  of  its 
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proper  place,  and  be  unnecessarily  heavy;  rock  cuts  will  be  run  into  to 
save  fills,  and  many  similar  imperfections  be  left  in  the  line,  which  are 
not,  indeed,  of  great  comparative  moment  to  the  line  itself,  since  they  do 
not  injure  its  earning  capacity,  but  which  are  often  of  serious  moment  to 
the  temporary  owners  of  the  line,  by  increasing  its  first  cost  beyond  the 
limits  of  their  means,  so  that  it  finally  passes  out  of  their  hands. 


ORGANIZATION  OF  PARTY. 

1199s  A  locating  party  should  be  full-handed,  especially  in  the  lower 
ranks.  To  do  otherwise  is  false  economy.  The  organization  should  in 
general  be  as  follows  : 

1.  C hi ff  of  party,  with  nothing  to  do  except  to  keep  his  eyes  open. 
Even  in  the  easiest  country  it  is  mistaken  economy  to  attempt  to  have 
him  run  the  transit,  and  it  is  now  rarely  attempted. 

2.  The  transit  fiarty,  consisting  of  transitman,  head  and  rear  chain- 
man,  back-flag,  stakeman,  and,  in  wooded  country,  a  superabundance  of 
axemen.  From  four  to  eight  can  be  advantageously  used  where  there  is 
much  wood.  At  least  one  besides  the  stakeman  is  generally  economy, 
even  where  there  is  no  clearing. 

3.  The  level  party,  consisting  of  leveller,  rodman,  and,  in  wooded 
country,  one  axeman  and  peg-maker.  In  open  country  this  axeman  is 
unnecessary ;  but,  on  the  other  hand,  in  such  country,  since  the  level 
limits  the  speed  of  the  whole  survey,  two  rodmen  can  generally  be  em- 
ployed to  advantage,  since  they  expedite  the  work  somewhat. 

4.  The  topographical  party,  varying  from  one  to  three  or  four  men. 
according  to  the  country.  This  party  is  usually  not  full  enough  for  true 
economy. 

5.  The  transportation  and  camp  outfit,  in  a  full  party  usually  consist- 
ing of  a  cook,  and  one  or  more  teamsters,  with  a  commissary,  who  looks 
after  all  camp  movements  and  expenses. 

Thus  a  fully-organized  locating  party  in  difficult  country  will  often 
consist  of  as  many  as  20  or  24  men  ;  but,  on  the  other  hand,  in  thickly- 
settled  regions  and  easy  country  often  not  more  than  8  or  10  are  neces- 
sary. 

RUNNING   IN  THE  LOCATION. 

1196t  In  smooth  and  nearly  level  regions  the  notes  for  the  location 
line  may  be  made  up  from  the  notes  of  the  preliminary  surveys,  almost 
without  mapping  them  at  all,  and  certainly  with  very  little  topography. 
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Ordinarily,  however,  a  narrow  belt  of  topo((raphy  is  both  expedient  and 
necessary.  If  the  preliminary  work  has  been  skilfully  conducted,  it  will 
need  to  be  but  narrow.  On  this  topography  a  "  paper  location"  is 
made,  in  the  manner  we  shall  consider  later;  full  notes  of  the  projected 
alignment,  and  of  the  points  of  curve  and  tangency  taken  off,  and  a  pro- 
file of  the  paper  location  made. 

The  purpose  of  the  location  field-work  '\%,/irst,  to  put  this  paper  loca- 
tion on  the  ground  so  as  to  afford  at  least  as  good  a  profile  as  the 
"  paper"  profile,  and,  secondly,  to  study  the  line  thus  put  upon  the  ground 
ill  more  detail  than  was  possible  before  the  precise  position  of  the  line 
had  been  so  accurately  fixed. 

In  running  in  the  notes  of  such  a  paper  location,  the  most  experienced 
chief  of  party  never  expects  that  the  notes  can  be  followed  in  the  field 
without  some  slight  correction  at  almost  every  curve.  The  profile  will 
be  found  to  be  running  too  high  or  too  low;  errors  in  the  field-work  and 
the  topography  will  be  discovered  ;  new  changes  of  alignment  will  sug- 
gest themselves,  and  in  other  ways  changes  will  be  made.  Nevertheless, 
the  correspondence  in  general  will  be  very  close ;  so  much  so  that  it  will 
be  ditficiilt  to  distinguish  the  paper  and  actual  location  profile.  They 
may  both  be  wrong  and  bad,  but  they  are  apt  to  agree  with  each  other 
quite  closely. 

1197.  No  new  topography  should  be  taken  with  this  line,  but  instead 
of  it  cross-sections  only,  extending  from  30  to  100  feet  on  each  side, 
according  to  locality.  These  cross-sections  should  be  plotted  as  closely 
together  as  clearness  permits,  with  the  EVEN  STATIONS  AT  UNIFORM 
DISTANCES  APART,  even  at  the  expense  of  crowding  the  sections  so  that 
they  overlap  each  other  greatly,  which  does  no  particular  harm.  The 
character  of  tlie  material,  and  especially  the  precise  limits  of  the  rock, 
should  be  carefully  determined.  Boring  tools  of  many  different  forms 
(the  simplest  of  which  is  the  common  post-augur)  are  readily  obtained, 
by  which  it  may  be  positively  determined  where  the  rock  lies,  at  no  great 
cost,  and  much  perhaps  needless  expense  saved.  It  is  a  very  common 
thing  to  have  shallow  rock-cuts  turn  up  in  the  bottom  of  excavations, 
which  are  always  disproportionately  expensive,  and  often  might  as  well 
as  not  have  been  avoided  altogether. 

Aided  by  these  cross  sections,  the  location  should  be  carefully  re- 
studied,  not  by  the  construction  parties,  who  have  other  things  to  think 
of  and  are  often  incompetent  for  the  work,  but  by  a  location  party  who 
re-run  the  entire  line  complete.  There  will  still  be  chances  enough  for 
the  construction  engineer  to  improve  on  it. 
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1198.  This  last  work  especially,  and  in  fact  all  running  of  curves  and 
tangents,  is  greatly  facilitated  by  the  use  of  a  proper  system  of  transition 
curves.  What  transition  curves  are,  and  why  they  can  never  be  omitted 
if  an  easy-riding  road  is  to  be  obtained,  have  been  already  stated  (pars. 
279-81).  and  the  proper  method  of  running  them  in  is  given  in  the  field- 
book  which  follows  this  volume.  It  would  lead  us  too  far  to  attempt  it 
in  this.  The  nature  of  the  advantage  which  they  give  in  making  a  good 
location  is  this : 

All  transition  curves,  by  whatever  method  they  are  run,  must,  from 
their  ver>'  nature,  have  the  form  shown  in  Fig.  283.     The  actual  tangent 

must  lie  parallel  with 
and  outside  of  (at  a 
given  offset  from)  what 
would  be  the  tangent  if 
the  main  curve  were 
prolonged  to  include 
the  whole  angle  turned. 
In  all  the  systems  of 
transition  curves  which 
have  been  put  before  the 
public  by  others  than 
the  writer,  so  far  as  he 
knows,  these  offsets  are 
Fig.  a83.-TYPicAL  Trahmtiom  Curve.  fi^ed.  which  makes  run- 

ning them  in  a  considerable  addition  to  the  field-work,  but  even  then 
they  are  likely  to  have  a  certain  beneficial  effect  on  the  construction,  for 
the  reason  that  the  curves  of  natural  slopes  generally  ease  themselves  off 
in  this  manner. 

1199.  But  in  any  entirely  satisfactory  system  of  transition  curves  any 
offset,  great  or  small,  within  wide  limits,  should  be  capable  of  use  with 
any  curve,  because  it  will  very  materially  add  to  the  flexibility  of  the  line 
and  facilitate  its  adaptation  to  the  topography.  If  we  consider  the  tran^ 
sition  curve  as  a  cubic  parabola,  the  only  difference  which  the  offset 
makes  in  the  curve  is  to  increase  its  length  in  proportion  to  the  SQUARB 
ROOT  of  the  offset,  so  that  if  the  latter  be  four  times  as  great  the  curve 
will  be  twice  as  long.  In  any  case,  the  curve  remains  a  cubic  parabola, 
and  is  readily  put  in,  either  directly  with  the  transit,  as  the  line  reaches 
it,  by  methods  similar  in  their  nature  to.  and  quite  as  simple  and  easily 
remembered  as,  those  for  running  circular  arcs,  or  by  offsets,  after  run- 
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I.  The  two  shocks  to  the  train  in  entering  and  leaving  the  tangent 

will  have  been  avoided. 

2.  The  ugly  appearance  of  a  broken-back 
curve,  which,  owing  to  the  abrupt  transition 
from  curve  to  tangent,  always  has  the  appear- 
ance  of  being  out  of  line  and  somewhat  re- 
versed, will  have  been  corrected. 

If  the  two  transition  curves  of  the  required 
lengths  for  the  offset  chance  to  overlap  each 
other  even  by  a  considerable  distance  it  will 
not  much  matter.  It  simply  introduces  (for 
reasons  which  cannot  be  given  here  without 
discussing  the  whole  theory  of  the  curve)  a 
short  CIRCULAR  ARC  of  Very  long  radius  be- 
FiG.  286.  tween  the  two  transition  curves. 

1202.  Example  3.  A  curve  is  found  not  to  lie  on  precisely  the  right 
ground.  It  is  desired  to  throw  it  out  two  feet  at  a,  and  in  3  feet  at  b^ 
Fig.  286. 

This  implies  that  there  will  be  a  certain  point  c,  at  which  the  new  and 
old  curves  will  coincide.  The  whole  curve,  radii,  centres  and  all,  will  be 
practically  rotated  around  c.  The  distances  ca  and  cb  can  be  deter- 
mined by  the  proportion 

ca  \cb  \\  offset  a  :  offset  b. 

The  angle  of  rotation  is  readily  calculated  by  computing  the  change 
in  position  of  the  chord  ab,  and  from  these  notes  we  may  either  start  at 
c,  and  run  in  the  new  curve,  or  start  at  a  or  ^,  or  compute  the  new  posi- 
tions of  the  original  P.  C.  and  P.  T. 

If  the  new  curve  is  found  to  crowd  too  closely  upon  or  to  overlap  the 
tangents  we  must  change  the  latter  also.  This  we  do,  however,  entirely 
independent  of  the  curve,  if  it  appears  desirable  to  do  so ;  putting  the 
tangent  upon  the  ground  which  will  suit  it  best,  measuring  the  actual 
offset  which  the  locations  chosen  give,  and  then  putting  in  the  corre- 
sponding transition  curves. 

1203.  These  examples  will  illustrate,  as  well  as  more,  the  peculiar  ad- 
vantage of  transition  curves,  thus  used ;  that  they  enable  each  part  of  the 
line  to  be  studied  and  modified  in  detail,  independently  of  the  rest;  and 
the  new  and  old  lines  to  be  then  connected  together  in  what  is  at  once 
the  very  best  possible  and  the  simplest  possible  way,  without  any  of 
the  puzzling  geometrical  problems  and  the  confusing  field-work  which 
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are  as  apt  to  result  from  slight  changes  as  great,  if  certain  geometrically 
exact  connections  at  all  points  of  circular  arcs  are  taken  as  essential. 

Diflferences  of  offsets  of  20  ft.  or  more  are  readily  admissible  under 
this  plan,  and  in  projecting  location  it  is  unnecessary  to  consider  what 
the  actual  offsets  wih  be.  Figs.  208, 316,  and  others  illustrate  how  this 
is  done.  The  advantages  of  the  method  in  such  rough  iC«calities  are  evi- 
dent from  those  engravings,  and  these  advantages  become  even  greater 
if  one  knows  how  to  save  unnecessary 
trouble  in   field-work,  which  will  not  .<  ■ 

tell  beneficially  in  the  final  result.  iV-if^   fT* 

1204.  As  a  single  example,  if  one  /  \  I 
has  a  cur\'e  formerly  terminating  at  /  \o*  j 
T,  Fig.  287.  which  is  to  be  extended  \  j 
to  7*'  in  order  to  connect  with  the  tan-  \  j 
gent  00 :— to  determine  the  offset  O  it                        ^ 

is  quite  unnecessiiry  to  run  in  /''with  Fic.a§7. 

a  transit.    The  offset  Oo  to  the  old  point  T  may  be  measured  instead. 

Then  will 

0=Oo-o,        and  B^o  -=  ^*D, 

in  which  D  —  the  degree  of  the  curve,  n  =  the  distance  in  stations  from 
the  tangent  point  T'  to  the  point  where  the  offset  to  the  curve  is  de- 
sired, and  O  =  the  desired  offset. 

1205.  This  latter  formula  is  one  of  the  most  useful  of  all  location 
formulae,  being  almost  indispensable  for  the  correct  and  expeditious 
conduct  of  field-work.  It  is  closely  approximate  (in  all  cases  sufficiently 
so  for  what  is  required)  within  the  widest  possible  range  of  values  of  D 
and  n,  and  it  is  one  of  the  few  formulae  which  should  be  indelibly  en- 
graven in  the  memory  of  every  locating  engineer,  ready  for  instant  use. 
!t  applies  equally  well  for  offsets  from  one  curve  to  another  having  a 
common  tangent  point,  letting  Z>=  the  difference  in  the  degree  of  cur^ 
vature. 
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CHAPTER  XXXI. 
topography:  its  uses  and  abuse. 

1206.  Topography,  in  the  limited  technical  sense  of  the  word  which 
is  given  to  it  in  railway  location,  is  the  representation  upon  a  map  by 
"contour  lines"  of  the  comparative  or  absolute  elevations  on  the  area 
covered  by  the  map.  In  a  broader  and  more  literally  correct  sense,  it  in- 
cludes the  representation  of  all  the  details  of  the  surface  by  any  method 
whatever,  including  its  form,  character,  and  artificial  structures. 

Topography,  in  the  broader  sense,  may  be  represented  approximately 
either  by  hatchings  or  "  hachures,"  or  by  washes  of  color.  Very  beauti- 
ful effects  may  be  produced  in  this  way  by  skilled  and  patient  work,  but 
the  results  are  only  of  pictorial  value,  to  give  a  general  idea  of  the 
region,  and  are  of  no  assistance  for  the  details  of  location.  Topography, 
when  spoken  of  in  connection  with  the  latter,  means  an  EXACT  repre- 
sentation of  the  form  of  the  surface,  so  that  the  elevation  of  any  point 
can  be  determined  from  the  map,  and  hence  a  line  be  drawn  on  the  map 
and  a  profile  of  it  called  off,  as  well  (barring  a  margin  of  error)  as  if  the 
line  had  been  run  in,  and  levels  run  over  it,  in  the  field.  Figs.  208,  216, 
and  others  are  representations  from  actual  practice  of  such  maps,  re- 
duced photographically  from  the  working  scales. 

1207.  The  nature  of  contour  lines  may  be  thus  explained :  Conceive 
a  certain  area,  the  topography  of  which  is  to  be  taken,  to  be  entirely 
flooded  with  water.  Conceive  the  level  of  the  surface  of  this  water  to 
be  lowered  by  a  certain  fixed  distance,  say  ten  feet  at  a  time.  At  each 
lowering  of  the  water  a  new  shore-line  would  be  developed  :  The  con- 
tour lines  are  these  imaginary  shore-lines.  If  the  slopes  be  very  steep 
these  successive  shore-lines  will  be  at  small  distances  from  each  other 
horizontally.  If  the  slopes  be  flat  they  will  be  at  greater  horizontal  dis- 
tances, and  if  the  slopes  are  very  flat  they  will  be  at  very  great  distances 
apart,  and  only  a  few  will  appear  on  a  moderate  area.  Thus  the  lower 
part  of  Fig.  288  shows  a  contour  map  of  a  slightly  oblique  cone,  and  the 
lower  part  of  Fig.  289  a  similar  contour  map  of  a  hemisphere.  In  each 
case,  if  the  nature  of  contour  lines  has  been  grasped,  they  enable  the 
mind  to  form  a  very  correct  picture  of  the  form  of  the  surface. 
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tZOS.  It  will  be  obvious  that  working  with  such  topographical  maps 
has  both  advantages  and  disadvantages.     The  advantages  arc : 

I.  The  eye  is  able  to  take  in  a  large  surlace  at  once,  with  exact  in- 
formation as  to  tlie  form  of  every  part  of  it,  and  without  those  confusing 
optical  illusions  which  result  from  looking  at  a  natural  surface  horizon- 
cally  instead  of  from  above,  aad  in  successive  bits  instead  of  all  at  once. 


Fic.  388.  Fio.  18;. 

2.  Various  projects  can  he  studied  with  great  ease,  and  the  effect  of 
dilferentcliangcs  considered  at  once.  A  curve  can  be  struck  in  with  a 
compass  in  a  moment,  and  three  or  four  different  ones  in  as  many  differ- 
ent positions  almost  as  quickly,  each  one  of  which  would  take  perhaps  a 
day's  hard  work  to  run  in  on  tlie  ground,  with  the  chance  after  they 
were  run  that  they  would  lie  considerably  out  of  the  position  intended. 

3.  By  dotting  on  the  grade- ton  tour  (para.  1246-8)  or  line  where  the 
plane  of  the  road-bed  cuts  the  natural  surface,  it  can  be  seen  almost  at 
once  whether  the  alignment  is  as  favorable  as  the  top<^raphy  permita, 

1209.  Each  one  of  these  advant^es  is  a  great  one.  On  the  other 
hand  the  disadvantages  o(  working  from  contours  are : 

].  The  making  of  good  contour  maps  is  expensive — which  is  a  V^iy 
wealc  objeaion,  even  if  ihcir  cost  were  much  greater  than  it  is. 

3.  It  is  difficult  to  insure  accuracy. 
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3.  They  afford  no  evidence  of  material. 

4.  They  do  not  impress  upon  the  mind  the  magnitude  of  the  works 
projected,  as  it  does  to  study  the  actual  surface. 

5.  They  are  of  assistance  only  for  doing  the  least  important  part  of 
the  work,  making  the  first  approximation  to  the  detailed  location  of  the 
line. 

These  and  other  difficulties  which  we  shall  shortly  consider  are  like- 
wise great  and  valid  ones.  They  indicate  what  is  the  fact,  that  topog- 
raphy has  both  its  uses  and  abuses,  and  which  predominates  is  often 
the  subject  of  heated  discussion. 

1210.  In  such  discussions  one  is  reminded  of  the  old  fable  of  the  two 
knights  who  fell  to  fighting  over  the  shield  which  seemed  gold  or  silver 
according  to  the  "  point  of  view  ;"  for  the  disputed  question  is  emphati- 
cally one  of  the  same  kind.  It  is  only  by  losing  sight  of  one  side  or  the 
other  that  one  becomes  a  strong  partisan  of  either  view. 

The  difference  between  the  two  views,  in  fact,  is  more  imaginary  than 
real.  On  the  one  hand,  there  are  no  engineers  of  any  standing  or  ex- 
perience who  believe  that  location  offering  any  difficulties  can  be  made 
to  advantage  in  any  other  way  than  from  topographical  notes  embodied 
in  a  more  or  less  elaborate  topographical  map;  while,  on  the  other  hand, 
there  are  no  engineers  of  experience  who  would  tliink  of  claiming  that 
more  topography  than  is  really  necessary  for  intelligently  completing  the 
location,  and  making  sure  that  it  is  correct,  should  be  taken. 

The  true  question  to  be  decided,  therefore,  is  simply  how  much 
topography  should  be  taken,  and  where  the  line  should  be  drawn.  There 
is  no  such  difference  of  opinion  as  would  appear  from  an  error  into  which 
many  have  fallen — an  error  which  well  shows  how  completely  the  views 
of  those  who  take  one  side  of  this  question  are  misapprehended  by  those 
who  think  they  disagree  with  them  ; — that  is  to  say,  there  is  no  class  of 
engineers  who  attempt  to  make  a  final  location  assisted  by  the  natural 
eyesight  alone,  or  in  any  other  way  than  by  working  from  a  preliminary 
line  as  a  basis,  which  is  intended  to  lie,  and  if  skilfully  run  does  lie,  very 
close  to  the  line  on  which  the  final  location  is  placed,  as  in  Fig.  282. 

1211.  To  mark  tlie  limits  of  the  debatable  ground  still  more  closely, 
it  cannot  be  reasonably  questioned  (i)  that  in  proportion  to  the  skill  of 
the  engineer  the  preliminary  line  (often  at  difficult  points,  necessarily,  the 
result  of  two  or  three  trials)  will  approximate  more  and  more  closely  to 
where  the  final  location  will  ultimately  lie ;  (2)  that  it  should,  and  in 
general  will,  lie  nearer  than  300  or  400  feet  as  an  outside  limit ;  (3)  that 
the  placing  of  this  preliminary  line  upon  the  ground  is  and  must  be 
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purely  a  nuftter  of  individiuJ  **  ere  for  coantfj"  and  good  jodgOMflt;  and 
(4>  :hat  the  realiy  vital  and  dangerous  errors  of  location,  the  irlrction  d 
the  general  ro  j:e.  the  siisteni  of  gradients,  the  going  to  or  pawing  bf  the 
local  towns,  etc,  etc..  are  committed,  if  committed  at  alL  before  anjto- 
pograpity  m'h;itever  has  been  taken,  in  locating  this  preiiminarjlinc;  the 
usefulness  of  the  topography  beginning  only  after  the  mote  momentoos 
question  of  where  to  pl'T  the  prelixixart  has  been  decided,  and 
serv:ng  only  for  the  more  ready  and  perfect  adjustment  of  details — de- 
tails which  h^ve  an  i::.portant  effect  upon  the  cost  of  ooostmction,  in- 
deed, but  do  not  otherwise  seriously  modify  the  earning  capacity  of  the 
line. 

1212.  The  remaining  ground  for  difference  between  eztieme  advo- 
ciites  of  ei'.her  view  is  tiiis  :  The  extreme  believer  in  topography  is  indif- 
ferent to  gettinc^  his  pre.iminar>-  ver>-  near  to  its  ultimate  location,  look- 
ing up^^n  400  or  500  feet  average  distance  apart  as  near  enough,  and 
takes  or  causes  to  be  taken  a  wide  belt  of  accurate  topography  to  save 
the  need  of  a  new  or  a  better  preliminary.  But  the  advocates  of  the  other 
view  say.  "No;  the  engineer  who  can  be  tmsted  to  put  a  preliroinaiy 
line  within  even  500  feet  of  the  true  location  can  and  ought  to.  in  gen- 
era!, put  it  mLich  r.earer ;  or  if  not.  it  is  cheaper  to  put  a  new  line  through 
stili  closer  to  the  uhtmaie  location  than  to  take  so  wide  a  belt  of  topog- 
raphy. By  one  method  or  the  other,  the  good  engineer  can  and  will 
^>ring  the  line  so  near  to  wtiere  his  l«ication  should  lie,  that  the  topog- 
-aphy  wiiich  he  will  really  need  will  be  only  a  very  narrow  belt — usually 
'^o  more  than  a  few  series  of  cross-sections,  and  hardly  amounting  to  a 
•op^^jjraphicrtl  map  at  all." 

1213.  The  truth  lies  between  these  two  limits.  Since  the  amount  of 
top^igntphy  ultimately  i.ecded  and  used  (when  its  use  is  not  abused  l^ 
making  it  serve  as  a  substitute  for  the  careful  placing  of  the  preliminary) 
can  be  seen  on  any  location  map  to  be  ver\'  little,  covering  a  map  all 
over  with  accurate  topography  is  a  sign  of  weakness  and  not  of  stredgth. 
On  the  other  hand,  accurate  topograpiiical  contour  lines  for  a  reasona- 
ble and  moderate  distance  on  each  side  of  the  line  are  an  immense  as- 
sistance for  the  ready  projection  of  lines,  and  at  points  can  hardly  be 
dispensed  with.  It  is  also  an  important  truth  that  the  usefulness  of 
topography  is  not  confined  simply  to  that  portion  of  it  which  is  used  to 
project  the  line  adopted,  but  extends  also  to  the  portion  which  enables 
one  to  make  sure  that  no  other  and  better  alignment  might  have  been 
adopted.  However  confident  an  engineer  may  feel  that  he  has  in  fact 
studied  his  work  to  the  best  of  his  abilitv.  he  owes  it  to  himself  and  to 
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his  employers  to  liave  the  ocular  evidence  of  that  fact  before  him,  to  be 
placed  before  others  if  need  be;  and  it  is  but  reasonable  that  no  study  of 
the  ground  alone,  unassisted  by  accurate  maps,  can  be  as  complete  as 
one  which  has  been  so  assisted.  Yet,  on  the  other  hand,  it  is  even  more 
emphatically  true  that  no  study  of  maps  alone,  unassisted  by  study  of  the 
ground  in  detail,  both  before  and  after  the  making  of  the  maps,  can  be 
as  complete  as  it  should  be. 

1214.  No  skilled  engineer,  even  among  those  who  are  strong  believers 
in  the  proper  use  of  contour  maps  will  approve  of  such  elaborate  reli- 
ance upon  maps  alone,  as  is  sometimes  taught  and  advocated ;  such  as 
taking  the  nicest  precautions  for  computing  notes  for  8  or  lo  miles  of 
location  at  once,  so  that  it  shall  fit  geometrically  onto  the  preliminary, 
and  so  dispense  with  renewed  and  more  detailed  study  of  the  ground. 
Not  but  that  the  field-work  and  mapping  might  be  done  so  accurately 
that  this  would  be  all  that  would  be  necessary,  and  not  but  that  much  of 
a  location  so  made  may  prove  on  examination  to  be  beyond  improve- 
ment, at  least  by  the  same  engineer  ;  but  that  for  practical  reasons  it  is , 
inexpedient  to  rely  so  largely  upon  paper  location.  Among  these  rea- 
sons are — 

1215.  I.  As  above  suggested,  the  length  and  depth  of  cuttings,  and 
especially  the  classification,  do  not  impress  themselves  upon  the  mind  so 
forcibly  in  studing  a  topographical  map  as  in  studying  the  ground,  and 
hence  as  great  efforts  will  not  be  made,  practically,  to  avoid  this  danger 
when  the  principal  study  of  the  details  of  the  line  is  made  upon  the  maps 
as  when  the  paper  location  is  looked  upon  as  at  best  nothing  more  than 
a  close  approximation,  and  the  last  study  of  the  ground  is  made  with 
the  rock-cut  staring  one  in  the  face,  or  on  large  scale  cross-sections. 

1216.  2.  A  very  dangerous  error,  which  the  best  engineers  find  it  hard 
to  avoid  altogether,  is  especially  hard  to  avoid  in  making  paper  loca- 
tions, which  is.  to  regard  a  certain  horizontal  approximation  to  the 
GRADE-POINTS  as  about  the  proper  thing,  thus  leading  to  altogether  too 
much  curvature  and  respect  for  the  contours  in  easy  country,  and  alto- 
gether too  little  of  both  at  the  more  difficult  points.  The  watchful  en- 
gineer finds  himself  drifting  into  this  error  continually,  guard  against  it 
as  he  will.  It  results  in  part  from  a  natural,  but  evidently  erroneous, 
tendency  to  look  on  a  certain  percentage  of  decrease  of  curvature,  for 
example,  as  worth  a  certain  percentage  of  increase  in  the  work  (pars.  14, 
15^,  instead  of  being  merely  worth  a  certain  absolute  sum,  which  on  easy 
work  justifies  great  disregard  of  contours,  and  on  heavy  work  requires 
close  accordance  with  them. 
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1217.  3.  The  best  topographical  maps  which  it  is  either  expedient  or, 
in  general,  possible  to  make,  with  the  time,  money,  and  men  at  command, 
cannot  by  any  means,  as  is  sometimes  foolishly  claimed,  be  relied  on 
within  a  {<y(>u  nor  even  5  or  10  feet,  at  critical  points,  especially  if  extend- 
ing to  any  ^rcat  width  on  each  side.  Over  most  of  their  area,  if  well 
made,  they  will  be  trustworthy,  but  minor  irregularities  of  considerable 
imfxjrtance,  if  nothing  more  than  a  few  big  boulders,  get  smoothed  out  of 
tiw:  map  or  misplaced  or  exaggerated,  so  that  the  only  safe  rule  is  to  look 
on  the  iirst  U^ation,  however  carefully  studied,  as  still  open  to  much 
improvement— an  expectation  which  will  rarely  be  disappointed.  But 
if  frequent  minor  changes  are  to  be  made,  much  of  the  advantage  of 
computing  field-notes  from  a  paper  location  so  precisely  as  is  often  at- 
tempted is  lost.     It  is  nr)t  in  fact  good  practice  to  do  so. 

1218.  4.  To  run  in  long  stretches  of  location  successfully  without 
further  topographical  tests,  but  only  the  geometrical  test  of  a  "tie"  to  a 
preliminary,  requires  the  nicest  field  and  office  work  from  the  b^^nning 
to  the  end  of  the  survey.  It  is,  of  course,  only  a  question  of  degree.  No 
one  would  adv<^>cate  anything  but  good  work  of  the  kind,  but  it  is  obvious 
that  less  precision  is  required,  if  it  is  fully  understood  and  expected  that 
the  paper  lfK:ation  will  be  topographically  tested  throughout,  than  if  it  is 
expected  to  be,  in  the  main,  a  finality.  This  saving  of  needed  precision 
means  some  corresponding  saving  of  time  and  money,  which,  as  Mark 
Twain  said  of  his  profanity,  "can  then  all  be  saved  and  devoted  to  some 
other  end,  where  it  will  do  more  real  and  lasting  good." 

1219.  Another  objection,  which  is  perhaps  the  strongest  of  all,  against 
too  great  reliance  on  contour  maps,  is  founded  rather  on  the  foibles  of 
human  nature  than  on  any  fmrcly  technical  reason  :  It  encourages  a  dis- 
position in  the  higher  engineering  officers  to  throw  the  field-work  of 
location  into  incompetent  hands,  and  to  assume  to  themselves  the  func- 
tion of  fixing  the  petty  details  of  location,  and  hence  (since  the  whole  is 
only  equal  to  the  sum  of  all  its  parts)  to  control  the  whole  location  from 
their  oflSce  chair,  without  giving  to  it  that  careful,  thorough,  and  con- 
tinued study  on  the  ground  which  alone  will  qualify  the  ordinary  man  to 
wisely  exercise  such  control.  This  practice  works  injuriously  in  several 
ways: 

I.  It  deadens  the  perceptive  faculties  of  the  engineer  in  charge  of  the 
party  and  transforms  him  into  a  mere  machine.  He  may,  if  an  unusually 
skilful  and  faithful  man,  go  over  the  paper  line  with  a  microscope  and 
improve  its  details,  but  he  will  not  be  watching  out  for  and  thinking  of 
the  larger  details,  especially  as — 
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2.  The  practice  leads  to  the  engagement  of  poorer  men  for  the  field- 
work  ;  and 

3.  The  engineer  who  puts  in  the  paper  location,  and  controls  the 
work,  never  qualifies  himself  by  familiarity  with  the  ground  to  do  well 
even  that  minor  duty,  and  is  so  little  in  the  field  that  the  far  more  im- 
portant end  of  avoiding  the  larger  errors  is  not  duly  insured. 

1220.  The  "conclusion  of  the  whole  matter"  therefore  is,  that  accu- 
rate topography  for  a  certain  narrow  strip  is  a  highly  useful  adjunct  to 
practical  location,  which  should  never  be  omitted  altogether  and  should 
generally  be  very  carefully  taken  and  studied  ;  but  that  it  is  in  no  way  a 
safeguard  against  anything  but  minor  errors  of  location,  and  is  not  a  safe 
nor  expedient  reliance  for  giving  the  last  degree  of  perfection  even  to  the 
details  of  alignment. 

Great  differences  in  natural  aptitude  for  location  exist,  and  among 
the  strongest  believers  in  the  absolute  necessity  of  elaborate  topography 
may  well  be  some  who  have  less  of  this  natural  aptitude,  and  hence  will 
not  make  very  good  use  of  the  best  of  maps.  In  fact,  although  we  should 
not  allow  this  to  prejudice  us  against  topography,  it  is  beyond  doubt  that 
those  of  least  natural  aptitude  for  location  rely  most  on  topography,  and 
are  the  most  helpless  without  it.  On  the  other  hand,  those  who  have  or 
think  they  have  such  aptitude  may  be  led  thereby  to  be  over-confident, 
and  commit  errors  which  good  topography  would  reveal  to  them.  It  is 
certain  that  the  better  natural  qualifications  a  man  has  for  the  work  the 
less  topography  he  will- take,  because  he  will  see  in  advance  where  it  is 
and  is  not  important.  He  will  always  take  some,  however,  and  what  he 
does  take  will  be  correct. 

1221.  Another  truth  may  appropriately  be  added  here.  It  is  easier  to 
put  a  line,  of  some  kind  or  other,  on  a  topographical  map  than  on  the 
ground  ;  but  to  do  the  best  that  the  ground  admits  is  almost  as  hard,  and 
takes  almost  as  much  study  and  skill,  on  the  contour  map  as  on  the 
ground.  This  the  inexperienced  projector,  of  good  natural  parts,  will 
soon  find  out  if,  after  having  put  in  a  paper  location,  which  he  thinks  is 
very  gpod,  he  will  start  in  over  again  on  the  assumption  that  it  is  all  very 
bad,  and  give  two  or  three  times  more  thought  and  care  than  before  to 
finding  out  wherein  it  is  bad.  He  will  probably  soon  be  satisfied  that 
his  assumption  was  correct,  by  finding  his  curvature  and  quantities 
simultaneously  diminishing. 

1222.  There  is  a  tendency  in  discussing  this  question,  as  in  many  others,  to 
fall  back  upon  the  singular,  yet  in  a  sense  natural,  argument  which  seeks  to 
defend  some  one  way  of  doing  things  by  showing  that  some  of  those  who  take 
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another  way  do  work  badly.  On  the  one  hand,  we  have  pictured  the  '*bom 
engineer"  spending  days  in  fitting  a  bad  line  to  the  side  of  a  hill  with  his 
"  practised  eye,"  when  hours  would  have  sufficed  with  the  assistance  of  a  little 
well-taken  topography ;  and,  on  the  other  hand,  a  man  studying  over  topographi- 
cal maps  of  a  line  in  the  wrong  place,  missing  the  salient  features,  and  perpet- 
uating on  the  ground  errors  of  the  maps.  Either  picture  may  well  be  drawn 
from  life,  for  out  of  a  hundred  men  doing  anything  which  requires  skill,  more 
than  half  will  do  it  but  indifferently  well,  a  considerable  fraction  wretchedly  ill, 
and  only  a  small  proportion  thoroughly  well.  This  fact  insures  a  supply  of 
ready  weapons  for  supporting  either  side  of  any  argument,  yet  it  is  strange  that 
they  should  be  so  often  chosen,  since  it  is  clear  that  they  prove  nothing.  But 
as  evidence  of  this  inconclusive  character  seems  sometimes  to  carry  undue 
weight,  we  may  add  a  few  words  further  as  to  certain  details. 

1223t  The  fact  that  the  actual  profile  of  a  line  run  from  a  "paper  location" 
agrees  so  precisely  with  the  latter  that  the  two  cannot  be  told  apart,  is  no  proof 
of  the  excellence  of  the  system,  for  both  profiles  may  be  bad.  It  proves  the 
geometrical  excellence  of  the  work,  but  it  also  proves,  or  tends  to.  that  the 
whole  process  is  too  mechanical,  unless  the  '*  paper  location"  has  been  at 
least  so  improved  or  modified  in  detail  as  to  be  distinguishable  from  the  other. 

1224a  On  the  other  hand,  fixing  the  details  of  the  alignment  in  the  office, 
to  be  put  on  the  ground  by  other  men  of  less  skill,  while  never  a  desirable,  is 
not  necessarily  a  wrong,  way  of  doing  things.  We  are  often  compelled  to  do, 
not  what  we  would,  but  what  we  can.  If  there  be  but  one  skilled  man  to  look 
after  half  a  dozen  parties,  and  perhaps  look  after  other  work  as  well,  it  is  im- 
possible that  he  should  do  much  more  than  put  the  line  on  paper,  and  he  is  far 
more  likely  to  project  a  good  line  in  that  way  than  an  inexperienced  roan  is  to 
reach  the  same  end,  either  on  paper  or  on  the  ground,  or  both.  When,  how- 
ever, one  ceases  to  look  on  this  practice  as  merely  a  necessary  evil,  and  begins 
to  look  on  it  as  an  ideal  state  of  things,  so  that  on  a  difficult  line  it  is  "re- 
quired" that  the  projected  location  should  be  "  strictly  followed"  and  "no  cut- 
and-try  permitted,"  as  is  sometimes  done,  then  the  abuse  of  topography — and  a 
dangerous  abuse,  sure  to  waste  more  or  less  money — has  begun.  The  better 
course  in  such  cases  is  to  require  the  engineers  in  the  field  to  make  the  first 
projection,  which  is  simply  sent  in  for  examination  and  revision  if  necessary, 
so  as  to  compel  them  to  rely  on  their  own  intelligence  and  not  on  anothsrs^  and 
especially  to  give  an  indication  of  the  extent  to  which  their  own  skill  can  be 
relied  on.  For  if  unequal  to  making  a  tolerably  correct  projection  in  the  first 
instance,  they  will  probably  be  still  more  unequal  to  the  more  responsible  duty 
of  putting  in  the  final  line. 

1225.  To  mention  one  instance  among  many,  of  the  evils  of  too  great  re- 
liance on  maps:  an  unusually  accurate  paper  location,  on  a  very  steep  side-hill, 
gave  a  beautiful  profile,  which  no  one  could  detect  in  the  office  to  have  any  fault. 
The  cut  averaged  about  a  foot,  which  was  what  prudence  seemed  to  require. 
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ftnd  what  no  one,  certainly,  in  the  office  would  have  thought  of  objecting  to. 
But  just  below  the  earth  was  rock,  as  a  "practised  eye"  might  have  detected  in 
^he  field,  and  the  earth  itself  was  such  as  to  make  an  unusually  solid  bank,  so 
that  when  the  line  came  to  be  constructed  there  was  an  ugly  shallow  rock-cut 
on  the  inner  edge  and  a  broad  solid  platform  for  the  road-bed  nearly  twice  too 
wide,  due  to  the  unnecessary  amount  of  excavation,  which  involved  a  loss  of 
some  $8000  in  much  less  than  a  mile,  all  of  which  might  have  been  saved  by 
throwing  the  line  out  three  or  four  feet  beyond  the  paper  location. 

Such  cases  occur  so  frequently  that  the  engineer  who  does  not  feel  the  limi- 
tations of  the  map  and  wish  that  he  had  the  ground  before  him  in  making  a 
paper  location,  and  who  does  not  feel  that  it  may  be,  and  probably  is,  suscepti- 
ble of  further  improvement  by  further  study  in  the  field,  will  probably  be  wise 
to  leave  "  topography"  alone,  both  in  the  field  and  in  the  office. 

1226.  In  some  cases  the  larger  errors  of  location,  such  as  putting  a  line  on 
the  hill-side  with  a  short  tunnel,  instead  of  in  the  bottom  of  the  valley  with  a 
long  tunnel,  are  very  unreasonably  advanced  as  an  efifect  of  neglecting  topog- 
raphy; whereas  it  is  precisely  such  errors  which  over-reliance  on  tocography  is 
apt  to  lead  to.  The  result  depends  chiefly  on  the  man.  A  good  man  will  use 
every  tool  that  will  serve  his  end,  and  one  of  these  tools  is  topography.  Another 
one,  at  least  equally  essential,  is  shoe-leather. 

1227.  If  topography  is  to  be  taken  at  all  it  should  be  taken  accurately, 
and  to  combine  this  end  with  reasonable  rapidity  the  limits  within  which 
accurate  topography  is  taken  should  be  restricted  as  closely  as  possible. 
Beyond  these  limits  a  skilful  topographer  will  sketch  in  by  the  eye  the 
general  form  of  the  ground,  with  sufficient  accuracy  to  give  a  better 
general  idea  of  the  form  of  the  country,  and  occasionally  to  serve  a  use- 
ful purpose  in  a  rough  study  of  some  considerable  change  of  line. 

1228i  Topography  is  taken  from  the  preliminary  line  as  a  base-line» 
with  the  elevations  on  it  given,  by  determining  the  slopes  on  each  side  as 
far  out  as  seems  necessary.  Four  methods  for  taking  slopes  are  more  or 
less  practised : 

1.  By  a  slope-level  and  board  straight-edge,  with  or  without  a  tape- 
line. 

2.  By  a  hand-level  and  tape-line. 

3.  By  cross-sectioning  rods. 

4.  By  using  a  stadia  telescope  and  rod  to  measure  distances  in  place 
of  a  tape  line,  in  either  the  first  or  second  methods. 

To  these  may  be  added — 

5.  By  using  an  altazimuth  in  place  of  the  slope-level  or  hand-level  in 
the  first  or  second  methods.  It  may  also  under  special  circumstances  be 
used  to  advantage  with  cross-section  rods. 
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1229i  In  rugged  and  broken  topography,  as  where  there  is  much  rock 
and  large  scales  are  to  be  used,  the  third 
method,  by  cross  section  rods,  is  much 
the  best.  These  rods  are  in  principle 
nothing  more  than  a  horizontal  measur- 
ing-rod of  a  fixed  length,  sometimes  lo 
but  better  12  ft.,  carrying  a  level  bubble, 
so  that  it  can  be  set  exactly  horizontal. 
This  is  carried  by  one  assistant  while  an- 
other reads  with  a  light  vertical  rod,  B, 
Fig.  290,  the  rise  or  fall  of  the  ground 
in  the  given  distance.  In  practice,  to  prevent  warping  of  the  rod  A,  it 
is  usually  made  in  one  of  the  forms  sliown  in  Fig.  291. 

These  rods  are  convenient  to  have  with  a  locating  party  in  rough 
country,  and  they  are  especially  suitable  for 
cross-sectioning  a  located  line,  but  the  pro- 
cess is  much  slower  than  any  of  the  others 
specified,  which  are  in  general  better  for 
ordinary  topography. 

1230.  A  wise  choice  between  the  slope- 
level  and  hand-level  methods,  also,  depends  a 
good  deal  upon  circumstances,  and  the  character  of  the  topography  to  be 
taken,  although  each  method  has  its  partisans  who  will  rarely  use  any 
other.  By  the  use  of  the  altazimuth  either  method  can  be  used  at  will, 
which  is  one  of  the  distinguishing  merits  of  that  instrument.  Much 
more  depends,  however,  upon  the  individual  skill  of  the  topographer  than 
upon  the  use  of  any  particular  method.  Where  the  country  is  rough, 
with  irregular  slopes,  the  hand-level  method  is  to  be  preferred,  since  it  is 
more  positive.     Otherwise,  the  slope-level  is  best. 

1231.  The  topography  based  on  these  slope-notes,  by  whatever 
method  taken,  should  invariably  be  drawn  in  thk  field  directly 
UPON  THE  WORKING  MAPS  OF  THE  LINE,  which  should  be  the  first  and 
only  direct  use  made  of  the  cross-section  notes.  As  a  safeguard  in  case 
of  doubt,  the  rodman  may  well  keep  a  note-book  record  of  them,  but  this 
should  be  strictly  restricted  to  such  use  only.  The  habit  of  taking  the 
cross-sections  in  the  field  and  drawing  in  the  topography  in  the  office 
cannot  be  too  strongly  discouraged.  It  is  certain  to  result  in  more  or 
less  imperfect  work,  as  well  as  loss  of  time.  After  a  little  practice  a 
skilled  topographer  ought  to  be  able  to  keep  up  with  a  transit  and  level 
party  without  much  diflftculty,  unless  circumstances  require  a  wide  belt 


Fig.  391. 
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of  exact  topography  to  be  taken,  when  he  should  be  (urnished  with  a 
double  cross-section  party.     The    main   requirement  for  doing  work 

quickly  and  well  is  to  train  the  eye  and  judgment  so  that  needless  cross- 
section  work  need  not  be  done  while  yet  taking  all  that  is  essential. 

1333.  The  lopographer  is  provided  with  a  thin  drawing-board,  hav- 
ing a  leather  or  oil-cloth  pocket  on  the  back,  in  which  are  carried  the 
sheets,  about  19  X  24  inches  in  size  (par.  1240).  on  which  the  line  has  been 
plotted  the  night  before,  the  stations  marked  off,  and  the  elevation  of 
each  station  and  plus,  as  taken  by  the  level,  lightly  pencilled  on  it.  The 
topographer  must  thus  work  behind  the  level,  but  a  good  topographer 
will  endeavor  to  keep  very  close  up  to  it.  One  sheet  at  a  time  is  pinned 
upon  the  board  for  use.  A  6-ln.  scale,  preferably  of  paper,  lead  pencils, 
and  rubber  complete  his  outfit.  His  two  assistants  (or  four  if  need  be) 
have  nothing,  necessarily,  but  tape  and  hand-level,  with  a  small  hatchet. 
A  small  compass  for  taking  bearings  is  in  general  desirable. 

1333.  fn  taking  cross-sections,  the  elevation  of  each  station  is  given 
to  the  rodman  (or  has  been  previously  taken  ofT  by  him),  and  an  offset 
measured  off  to  a  point,  as 
indicated  by  the  hand-level, 
where  the  contour  next 
above  or  below  the  eleva- 
tion of  the  given  station 
(alls.  Thus,  in  Fig.  292. 
with  contours  10  (t.  apart, 
elevation  of  station  704.1, 
s  5.8  ft.  above 
r  700  4.2  ft. 
below  it.  The  distance  out 
in  which  the  ground  rises  or 
falls  these  amounts  should 
in  general,  on  rough  ground, 
be  directly  determined,  and 
„  then  the  distances  to  a  suc- 

cession of  other  points,  fall- 
ing 5  ft.  at  a  time,  as  far  out  as  accurate  topography  Is  taken.  On 
smoother  country  a  little  trouble  may  be  saved  as  below  spoken  of. 

The  points  where  the  contours  cut  the  centre-line  are  also,  at  the 
same  time,  noted  hy  the  topographer.  He  then  makes  a  light  pencil 
guess  at  the  course  of  the  contour  lines  ahead,  and  passes,  perhaps,  two 
stations  ahead,  10  "  174,"  Fig.  292,  and  repeals  the  process,  the  rndmen 
in  the  mean  time  cross-sectioning  the  intermediate  station  if  it  seems 
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essential,  or  more  properly  speaking,  unless  it  seems  unessential.  Until 
ihe  lopograplier  has  acquired  well-founded  confidence  by  practice  he  will 
save  nothing  by  taking  chances.and  be  liable  to  throw  discredit  oaliisworic. 

Here  the  previous  guesses  are  cliecked  by  the  cross-sections  and  the 
course  of  the  contours  sketched  in  backward,  exactly  and  finally,  and 
li(;hily  ahead,  with  further  pencilled  guesses.  In  this  way  the  topographer 
trains  his  eye  and  his  hiind,  and  forms  an  idea  of  where  accuracy  Is  and 
is  not  essential,  and  if  he  be  once  properly  instructed,  and  has  a  capiUile 
3.<sistunt,  it  is  nut  at  all  ditficult  to  take  a  mile  or  two  of  topogra{^y 
a  day  in  ordinary  country.  When  he  has  to  take  more  than  200  to  300  fL 
on  each  side  it  becomes  a  different  matter,  and  prf^ress  is  much  slower. 

1234,  If  sloiies  are  determined  by  a  slope-level  it  is  still  simpler  work. 
A  scale  is  then  constructed,  showing  for  a  series  of  different  slopes  from 
1"  to20%  the  horizontal  distance  apart  of  10-ft.  contours,  which  is  lox  cot 
S.  From  this  the  contours  can  be  put  down  upon  the  map  at  once,  at 
the  proper  distances  apart,  or  as  far  out  as  the  slop>es  are  taken. 

1335.  Time  is  lost  and  accuracy  sacrificed  in  many  surveys  by  using 
too  small  scales.  The  standard  working  scale  may  be  said  to  be  400  feet 
per  inch,  or  ju'jj  (nearly  the  same  thing)  when  the  metre  is  used;  but 
this  scale  is  adhered  U>  far  too  slricily.  In  rough  country  it  should  be 
at  once  doubled,  .-md  in  very  rough  country  should  be  increased  to  100  ft. 
per  in.  or  yVrj  (^3i  ''■  P^'^  '"■)■  These  latter  are  the  only  suitable  scales 
when  there  is  any  considerable  pr<iportiou  of  rock-work.  It  rather  saves 
work  in  taking  topography,  adds  but  little  to  the  drafting  work,  and 
adits  immensely  to  the  practical  value  of  the  maps  when  made. 

1236-  The  following  cautions  will  assist  in  taking  topography  correctly: 

I.  One  contour  line  can  never  run  into  another  and  either  disappcai 
altogether  or  afterwards  depart  from  it,  in  the 
manner  shown  at  j4A.  Fig,  293,  but  must  always  ]f" 

be  everywhere  a  separate,  distinct,  and  continu- 
ous line  until  it  eitlicr  runs  off  the  map  or  closes  . 
on  itself  so  as  to  form  an  irregular  ring  or  circle, 
as  at  B.  Fig.  293.                                                               ^ 

There  is,  indeed,  one  case  in  which  two  or  a 
dozen  contours  mayso  run  together  into  asingle  I 

line,  viz.,  when  an  absolutely  vertical  slope  is  to  V 

be  represented.     There  is  even  a  possible  case—  i 

that  of  an  overhanging  cliff — in  which  the  con-  | 

tour   lines  may  cross  over  each  other  and  back 
again,  as  in   Fig,  294.     But  both   of  these  cases  Fic.  wi. 

are  so  rare,  although  they  do  occur,  that  it  is  unnecessary  to  considM 
them  as  normal  types  of  topography. 
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sibte  for  a  contour  line  to  split  into  two  parts  which 
:  again,  in  the  manner  shown  in  Fig.  395.  It  is  a 
frequent  error  of  young  topographers,  and  aa 
immediate  evidence  of  inexperience,  to  be- 
lieve the  contrary.  It  is  indeed  theoretically 
conceivable  that  a  surface  should  have  such 
''"*-  '**■  form  as  to  make  a  sketch  like  Fig.  295  lopo- 

vranhicallv  correct.  Thus,  if  we  imagine  it  to  be  a  representation  of  the 
-res',  of  a  hill,  it  MIGHT  come  to  so  sharp  and  regular  a  ridge,  if  made  of 

I  dressed  stone  for  example,  that  only  a  single  mathe- 

matical line  at  the  peak  or  ridge  of  the  slope  should 
appear  above  the  water,  and  yet  that  the  ridge  should 
so  appear  above  the  water  for  a  considerable  distance, 
being  precisely  level,  and  should  at  a  certain  point 
swell  out  into  the  "  island  "  A  A.  But  practically,  with 
g  natural  surfaces  as  they  accuHlty  exist,  this  is  plainly 

K  impossible,  and  the  true   method  of  representing  the 

g  natural  surface,  which  is  erroneously  presented  in  Fig. 

p  Z95,  would  be  as  shown  in  Figs.  zo8.  zi6. 

^  1238,  Topography,  more  largely  than  almost  any 

%■  other  mechanical  detail  of  engineering  work,  is  a  mat 

F^- »9S'  ter  of  practice.     The  young  engineer  who   ends  his 

first  day's  work  at  topography  discouraged,  with  but  a  few  stations  taken, 
and  that  so  badly  taken  as  to  be  worthless,  can  by  even  a  few  days'  de- 
termined effort  to  understand  it,  and  do  what  he  does  do  well,  learn  to 
go  over  as  much  ground  as  an  ordinary  transit  party.  It  is  a  valuable 
drill  for  cultivating  the  faculties  most  needed  for  location,  and  good  to- 
pographers generally  make  the  best  cliiefs  of  party.  In  country  at  all 
rough  the  topographer  fills  the  most  responsible  jjosition  on  the  party 
below  its  chief,  and  he  should  so  rank.* 

*  The  art  of  taking  topography  should  be  taught  in  schools  more  thoroughly 
than  it  is.  There  is  no  belter  drill  for  cultivating  those  faculties  of  mind  which 
make  the  engineer. 
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pencilling  in  the  degrees  and  minutes 
of  each  bearing  laid  off,  and  per- 
mitting the  points  thus  marked  to 
remain  permanently,  except  as  they 
interfere  with  the  mapping.  Should 
any  subsequent  error  be  discovered, 
they  may  then  all  be  checked  at 
once,  saving  much  time. 

With  a  good  parallel  ruler  (not 
the  cheap  and  poor  ones  which  are 
most  used,  but  a  heavy  metal  rule 
about  1 8  inches  long),  or,  failing 
that,  a  couple  of  triangles,  it  is  then 
but  a  few  moments'  work  to  transfer 
each  bearing  in  succession  to  its 
proper  point,  draw  in  the  line,  and 
plot  its  length.  The  angles  should 
then  be  roughly  checked  with  a 
small  protractor  to  guard  against 
the  large  errors  which  are  alone 
likely  to  occur.  The  bearing  of 
each  line  and  the  plus  at  each  angle 
should  then  be  pencilled  on. 

Every  station  should  then  be 
pricked  off  and  indicated  by  a  light 
check-mark,  and  every  fifth  station 
should  be  numbered. 

Opposite  each  station  on  a  di- 
agonal line  should  then  be  lightly 
pencilled  in  the  elevation,  and  also 
the  elevation  of  any  pluses  taken. 
The  sheets  are  now  ready  to  turn 
over  to  the  topographer. 

This  work  should  be  done  every 
night.  It  takes  but  a  short  time 
after  a  little  practice.  The  lines  may 
be  inked  in  on  rainy  days  or  at  any 
convenient  time.  The  centre  line 
should  be  in  red. 

1242.  For  the  same  reason  that  Fic.  iga. 

plotting  should  be  done  from  bearings,  it  is  well  to  do  all  the  transit 
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radius  as  possible.    Values  are  given  to  the  lines  from  zero  to  100  or 
more!    The  straight-edge  is  laid  ofl  with  the  same  scale. 

We  have  then  only  to  set  the  edge  of  the  straight-edge  at  the  angle 
corresponding  to  any  bearing ;  place  a  needle-point  or  sharp  pencil  at 
the  point  on  it  representing  the  length  of  a  given  line,  and  we  read  off 
from  the  sheet  below,  at  once,  latitudes  and  departures  for  the  line.  Lati- 
tudes and  departures  for  miles  of  line  can  thus  be  called  off  and  tabulated 
in  a  day  by  two  men,  and  the  absolute  position  of  every  point  on  the 
survey,  by  rectangular  coordinates  from  any  fixed  origin,  determined 
once  for  all.  From  these  notes  as  many  or  as  few  points  can  be  trans- 
ferred to  the  map  as  seems  desirable,  according  to  its  scale,  and  the  re- 
mainder sketched  in.  When  several  alternate  lines  are  to  be  mapped 
together  this  method  is  especially  useful,  as  the  trouble  of  closing  ac- 
curately is  so  greatly  reduced. 

PROJECTING   LOCATION. 

1246.  To  make  a  really  good  projection  on  a  topographical  map  in- 
volves a  great  deal  of  work  and  study,  and  errors  are  almost  as  easy  as 
they  are  on  the  ground.  In  fact  the  writer  has  no  belief  that  any  one 
ever  projected  a  location  on  paper  which  could  not  be  materially  improved 
by  study  on  the  ground. 

The  most  difficult  case  is  projecting  a  final  grade-line  in  which  curve 
compensation  is  to  be  introduced  as  it  advances.  In  very  difficult  coun- 
try a  first  projection  on  an  estimated  average  *'  straight "  grade-line  is  often 
advantageous,  saving  time  and  giving  a  better  final  result  because  of  the 
double  study.  The  lower  (dotted)  spiral  of  Fig.  216  was  projected  in 
this  way. 

The  projection  should  bepjin  at  the  summit  or  other  fixed  point 
which  the  line  must  make.  Assuming  a  starting-point  and  elevation, 
take  in  a  pair  of  dividers  the  distance  on  the  map  which  the  given  grade- 
line  takes  to  fall  10  ft.,  or  better  yet,  5  ft.  When  curve  compensation  is 
introduced  this  distance  will  be  different  on  a  tangent  and  on  every  curve, 
and  should  be  laid  off  on  a  strip  of  paper  so  that  the  dividers  can  be  set 
and  reset  without  trouble. 

With  the  dividers  thus  set,  step  off  a  distance  of  10  or  12  inches  on 
the  map,  following  as  nearly  as  may  be  where  it  is  thought  the  line 
will  lie.  On  favorable  topography  this  will  be  very  closely  along  the 
GRADE  CONTOUR,  or  line  where  the  plane  of  the  grade  strikes  the  natural 
surface.    In  that  case  we  can  step  off  quite  a  distance  at  once,  stepping 
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down  a  contour  or  half-contour  at  a  time,  and  marking  by  a  small  cross- 
mark  where  the  g^ade-line  crosses  each. 

1247.  Tlie  grade-contour  should  then  be  very  lightly  pencilled  in,  and 
a  curve  or  two,  or  a  long  tangent  and  the  beginning  of  one  curve,  pro- 
jected. Then,  setting  the  dividers  for  the  proper  distance  for  a  fall  of 
I,  2,  or  5  ft.  on  the  given  curve  or  tangent,  and  starting  from  the  fixed 
point,  step  along  the  projected  location  to  the  first  point  of  curve  and 
determine  and  write  down  its  elevation  to  the  nearest  foot  and  tenth  ; 
paying  no  attention  as  yet  to  stationing,  but  simply  to  determining  points 
where  the  grade- line  reaches  certain  even  elevations,  and  to  determining 
the  grade  at  the  points  of  curve. 

Having  reached  a  curve  from  a  tangent,  reset  the  dividers  for  the 
proper  distance  for  the  given  fall  on  the  curve  ;  start  from  the  P,  C.  cor- 
recily  by  straddling  the  dividers  over  it  according  to  its  fractional  eleva- 
tion ;  step  around  the  curve  to  the  P.  T.,  and  determine  and  lightly  note 
its  elevation.  Reset  the  dividers  for  the  next  tangent  or  curve,  and  soon 
to  the  end  of  the  section  projected. 

1243.  Then  return  and  correct  the  grade<ontour  according  to  the 
precise  points  at  which  the  elevation  of  each  contour  or  half-contour  is 
reached  on  the  actual  projection,  sketch  every  bit  of  it  in,  and  see  if  the 
projection  corresponds  to  the  corrected  grade-contour  as  well  as  is  possi- 
ble.   Consider  everything  :  the  material  (above  all);  the  surface  slope  :\ 
the  water-ways ;  whether  the  line   should  be  preferably  in  cut  or  fiP^     y 
whether  the  tangent  or  the  centre  of  a  curve  cannot  be  slightly  chanr 
so  as  to  fit  the  grade  contour  better,  or  avoid  a  rock-cut ;  whethe* 
form  of  the  gulches  is  correctly  represented  and  there  is  not  a  c 
point  slip;htly  more  favorable  above  or  below,  which  the  topogra' 
not  clearly  show  ;  whether  the  tangent  cannot  be  broken  up  Y 
curve  and  save  work  which  will  be  more  conspicuous  on  the* 
on  the  map ;  or,  on  the  other  hand,  whether  the  line  cannot 
here  and  in  there,  so  as  to  take  out  curvature  and  yet  giv  ^^t, 
file.     Probably  some  little  modification,  at  least,  will  b^        ^^ 
be  desirable,  and  the  whole  work  will  have  to  be^o?^^       ^x 
three  or  four  times.     If  not,  it  may  be  for  the  time^*gto>^^ 

1249.  A  short  stretch  more  should  now  be^tis^^^^  .  ^ 
manner  as  before,  and  now  only  will  it  be  poss'^WVicXV 
to  the  first  section  ;  for  the  whole  relations  of '*^  ^^gt  s^c-^^ 
not  be   taken  in  until  the  projection  is  coa^'^ 
tance  on  each  side  of  the  point  studied, 
fore  that  modifications  will  suggest  the*" 
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radius  as  possible.    Values  are  given  to  the  lines  from  zero  to  100  or 
more!    The  straight-edge  is  laid  ofT  with  the  same  scale. 

We  have  then  only  to  set  the  edge  of  the  straight-edge  at  the  angle 
corresponding  to  any  bearing ;  place  a  needle-point  or  sharp  pencil  at 
the  point  on  it  representing  the  length  of  a  given  line,  and  we  read  off 
from  the  sheet  below,  at  once,  latitudes  and  departures  for  the  line.  Lati- 
tudes and  departures  for  miles  of  line  can  thus  be  called  of!  and  tabulated 
in  a  day  by  two  men,  and  the  absolute  position  of  every  point  on  the 
survey,  by  rectangular  coordinates  from  any  fixed  origin,  determined 
once  for  all.  From  these  notes  as  many  or  as  few  points  can  be  trans- 
ferred to  the  map  as  seems  desirable,  according  to  its  scale,  and  the  re- 
mainder sketched  in.  When  several  alternate  lines  are  to  be  mapped 
together  this  method  is  especially  useful,  as  the  trouble  of  closing  ac- 
curately is  so  greatly  reduced. 

PROJECTING   LOCATION. 

1246.  To  make  a  really  good  projection  on  a  topographical  map  in- 
volves a  great  deal  of  work  and  study,  and  errors  are  almost  as  easy  as 
they  are  on  the  ground.  In  fact  the  writer  has  no  belief  that  any  one 
ever  projected  a  location  on  paper  which  could  not  be  materially  improved 
by  study  on  the  ground. 

The  most  difficult  case  is  projecting  a  final  grade-line  in  which  curve 
compensation  is  to  be  introduced  as  it  advances.  In  very  difficult  coun- 
try a  first  projection  on  an  estimated  average  **  straight "  grade-line  is  often 
advantageous,  saving  time  and  giving  a  better  final  result  because  of  the 
double  study.  The  lower  (^dottcd)  spiral  of  Fig.  216  was  projected  in 
this  way. 

The  projection  should  bep^in  at  the  summit  or  other  fixed  point 
which  the  line  must  make.  Assuming  a  starting-point  and  elevation, 
take  in  a  pair  of  dividers  the  distance  on  the  map  which  the  given  grade- 
line  takes  to  fall  10  ft.,  or  better  yet,  5  ft.  When  curve  compensation  is 
introduced  this  distance  will  be  different  on  a  tangent  and  on  every  curve, 
and  should  be  laid  off  on  a  strip  of  paper  so  that  the  dividers  can  be  set 
and  reset  without  trouble. 

With  the  dividers  thus  set,  step  off  a  distance  of  10  or  12  inches  on 
the  map,  following  as  nearly  as  may  be  where  it  is  thought  the  line 
will  lie.  On  favorable  topography  this  will  be  very  closely  along  the 
GRADE  CONTOUR,  or  line  where  the  plane  of  the  grade  strikes  the  natural 
surface.    In  that  case  we  can  step  off  quite  a  distance  at  once,  stepping 
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down  a  contour  or  half-contour  at  a  time,  and  marking  by  a  small  croM- 
mark  wliere  the  grade-line  crosses  each. 

1247.  Tlie  grade-contour  should  then  be  very  lightly  pencilled  inland 
a  curve  or  two,  or  a  long  tangent  and  the  beginning  of  one  curve*  pro- 
jected. Then,  setting  the  dividers  for  the  proper  distance  for  a  fall  of 
I,  2,  or  5  ft.  on  the  given  curve  or  tangent,  and  starting  from  the  fixed 
point,  step  along  the  projected  location  to  the  first  point  of  curve  and 
determine  and  write  down  its  elevation  to  the  nearest  foot  and  tenth  ; 
paying  no  attention  as  yet  to  stationing,  but  simply  to  determining  points 
where  the  grade-line  reaches  certain  even  elevations,  and  to  determining 
the  grade  at  the  points  of  curve. 

Having  reached  a  curve  from  a  tangent,  reset  the  dividers  for  the 
proper  distance  for  the  given  fall  on  the  curve ;  start  from  the  P,  C  cor- 
rectly by  straddling  the  dividers  over  it  according  to  its  fractional  eleva- 
tion ;  step  around  the  curve  to  the  P.  71,  and  determine  and  lightly  note 
its  elevation.  Reset  the  dividers  for  the  next  tangent  or  curve,  and  soon 
to  the  end  of  the  section  projected. 

1249.  Then  return  and  correct  the  grade-contour  according  to  the 
precise  points  at  which  the  elevation  of  each  contour  or  half-contour  is. 
reached  on  the  actual  projection,  sketch  every  bit  of  it  in,  and  see  if  the 
projection  corresponds  to  the  corrected  grade-contour  as  well  as  is  possi- 
ble. Consider  everything :  the  material  (above  all);  the  surface  slope; 
the  water-ways;  whether  the  line  should  be  preferably  in  cut  or  fill, 
whether  the  tangent  or  the  centre  of  a  curve  cannot  be  slightly  changed 
so  as  to  fit  the  grade  contour  better,  or  avoid  a  rock-cut ;  whether  the 
form  of  the  gulches  is  correctly  represented  and  there  is  not  a  crossing 
point  slightly  more  favorable  above  or  below,  which  the  topography  does 
not  clearly  show  ;  whether  the  tangent  cannot  be  broken  up  by  a  slight 
curve  and  save  work  which  will  be  more  conspicuous  on  the  ground  than 
on  the  map ;  or,  on  the  other  hand,  whether  the  line  cannot  be  thrown  out 
here  and  in  there,  so  as  to  take  out  curvature  and  yet  give  as  good  a  pro- 
file. Probably  some  little  modification,  at  least,  will  be  at  once  seen  to 
be  desirable,  and  the  whole  work  will  have  to  be  done  over,  perhaps 
three  or  four  times.     If  not.  it  may  be  for  the  time  being  left  behind. 

1249.  A  short  stretch  more  should  now  be  projected  in  the  same 
manner  as  before,  and  now  only  will  it  be  possible  to  give  proper  study 
to  the  first  section ;  for  the  whole  relations  of  the  line  to  the  ground  can- 
not be  taken  in  until  the  projection  is  complete  for  a  considerable  dis- 
tance on  each  side  of  the  point  studied.  It  is  now  more  likely  than  be- 
fore that  modifications  will  suggest  themselves  in  the  first  section.    The 
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reader  who  is  quite  satisfied  with  his  first  or  second  or  third  trial  may 
justly  fear  that  he  is  doing  bad  work.  The  projection  in  Fig.  216,  for 
example,  while  good  enough  for  an  approximation,  is  by  no  means  good  for 
a  final  one,  being  capable  of  considerable  improvement  at  several  points. 

After  completing  several  miles  the  whole  should  be  studied  over  again, 
and  corrections  unnoticed  before  are  pretty  sure  to  suggest  themselves. 
Very  often  long  stretches  of  the  grade  can  be  raised  or  lowered  somewhat 
to  advantage,  at  the  expense  of  a  slight  break.  It  is  difiicult  to  point 
out  every  danger  in  advance,  but  it  is  a  fact  that  men  will  differ  in  their 
projections  almost  as  much  as  in  field  location,  and  the  most  obvious  im- 
provements will  not  suggest  themselves  until  some  one  else  points  them 
out.  Without  an  accurate  personal  knowledge  of  the  ground,  it  is  folly 
for  any  one  to  attempt  to  make  a  really  good  final  projection,  although 
contour  maps  have  the  great  negative  merit  that  glaring  errors  or  gen- 
eral incompetency  may  be  detected  at  sight  by  any  one  of  experience. 

Before  the  projection  is  considered  final  the  corrected  grade-contour 
should  be  made  exactly  right,  and  sketched  in  clearly  and  complete.  It 
is  very  bad  practice  to  sketch  in  only  certain  grade-points.  A  great  check 
against  error  is  thus  lost. 

1250.  The  line  should  now  be  stationed  and  a  profile  and  field-notes 
called  off.  The  latter  are  readily  made  up,  since  the  length  and  degree 
of  each  curve  is  known,  but  they  should  be  checked  and  corrected 
throughout  by  determining  the  bearings  of  every  projected  tangent  from 
xhe  original  North  and  South  line.  Except  when  errors  are  seen  to  be 
compensatory  the  bearings  thus  read  will  be  more  trustworthy  than  the 
stepped-oiif  lengths  of  the  curves,  and  the  latter  should  be  modified  to 
correspond. 

1251.  Curves  may  be  projected  either  (i)  by  compasses,  (2)  by  wooden, 
.abber,  or  metal  curves,  or  (3)  by  a  curve- protractor  made  on  a  large  clear 
sheet  of  isinglass  by  scratching  on  the  curves  and  rubbing  ink  in  the 
scratches.  The  latter  is  a  very  convenient  and  desirable  adjunct  to  the 
work,  but  not  essential  when  the  radii  are  not  too  large  for  compasses. 
With  cut  curves  it  is  far  more  important.  The  writer  personally  prefers 
a  pair  of  compasses  to  anything  else  when  the  radii  admit  of  their  use. 
The  transition  curves  should  be  projected  at  the  same  time  as  the  curves 
by  drawing  in  the  latter  not  quite  tangent  to  the  tangents,  but  at  a  slight 
offset  to  them,  as  in  Figs.  208  and  216.  What  this  precise  offset  may  be 
does  not  matter.  It  may  vary  from  0.5  to  3.0  or  4.0  feet  per  degree  of 
curve. 

1252.  Having  made  the  profile,  the  grades  should  be  put  on  it.    Re- 
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member  in  putting  grades  on  a  profile  that  it  is  a  great  deal  easier  to 
stretch  a  thread  to  cover  two  or  three  feet  of  a  profile  than  to  execute 
with  shovel  and  crow-bar  the  work  which  it  calls  for.  Long  shallow  cuts 
are  generally  a  mistake  of  judgment.  The  grade  should  rather  be  broken 
and  thrown  up  into  fill.  As  a  rule,  apices  in  grade-lines  should  never 
meet  on  a  fill  nor  a  hollow  in  them  appear  in  a  cut,  since  the  extra  depth 
of  the  cut  or  height  of  the  fill  is  so  much  work  thrown  away  in  order  to 
do  a  bad  thing — bring  grade-lines  to  a  sharp  intersection  ;  but  there  are 
exceptions  as  respects  fills,  when  it  is  desirable  (as  it  always  is)  to  give 
abundant  water-way  for  streams  without  carrying  the  whole  fill  on  too 
high  a  bank.  It  is  a  common  error  of  inexperienced  projectors  to  lay 
the  grade-line  too  near  to  the  supposed  high-water  mark.  It  is  not  worth 
while  to  take  chances,  and  it  should  be  several  feet  above  all  the  ap- 
parent possibilities. 

1253.  It  is  always  desirable,  except  on  steep  side-hills,  to  have  the 
fills  exceed  the  cuts.  Heavy  fills  can  be  gotten  at  from  a  good  many 
points,  or  temporarily  t  rest  led  and  filled  by  train,  but  large  cuts  are  very 
apt  to  delay  progress  (they  are  generally  the  last  work  finished),  and  give 
trouble  for  maintenance  later.  Long,  low  fills  should  never  be  laid  out 
to  average  less  than  two  feet  high.  The  temporary  economy  is  a  dear 
one.  Grades  can  in  general  be  laid  out  just  as  well  as  not  at  some  even 
rate  and  starting  from  some  even  station,  but  the  trouble  often  taken  to 
this  end  is  perhaps  rather  worse  than  thrown  away,  as  it  is  a  simple 
matter  to  compute  the  grade  elevations,  and  economy  is  very  apt  to  be 
sacrificed  to  no  real  advantage.  Full  allowance  for  vertical  curves  should 
be  made  as  the  work  progresses  and  the  grades  for  stations  carefully 
looked  after,  especially  in  projecting  long  grades.  Table  12$,  page  388, 
will  facilitate  doing  so.  The  original  grades  should  be  studied  over  and 
revised,  aided  by  the  cross-sections  of  the  final  location.  It  is  costly 
business  to  attempt  to  make  the  latter  without  accurate  knowledge  of  the 
material  under  the  surface,  but  this  trouble  is  too  frequently  not  taken. 
Simple  boring  and  drilling  appliances  for  investigating  the  material  now 
exist  in  plenty,  and  the  expense  is  very  slight.  Whenever  and  wherever 
there  is  danger  of  striking  rock  beneath  the  surface,  there  is  little  excuse 
for  not  determining  its  depth  and  limits,  as  it  can  often  be  avoided  with 
ease. 

1254.  Provided  with  the  profile  and  field-notes  of  the  paper  location 
the  final  location  is  proceeded  with.  The  profile  is  kept  close  up  to  the 
transit,  and  the  precision  of  the  work  as  compared  with  the  projection 
checked  mainly  by  it.     A  few  tie-notes  with  the  preliminary  arc  usually 
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taken  off  for  each  day's  work,  but  it  is  not  worth  while  to  attach  much 
weight  to  them.  The  question  is  only :  Does  the  line  as  run  on  the 
ground  give  as  good  a  profile  as  was  expected  and  desired,  and  can  any 
improvements  be  made  in  it  ?  That  chief  of  party  is  not  a  very  good  one 
who  will  not  see  many  improvements  as  he  progresses.  Aided  by  the 
system  of  transition  curves  referred  to  in  the  previous  chapter,  these 
changes  are  rapidly  made;  but  if  there  be  any  doubt  at  all  about  them, 
they  should  be  left  for  a  later  revision.  In  fact,  the  better  way  is  always 
to  run  the  whole  location  over  twice  (par.  1193).  The  money  spent  will 
be  well  invested. 
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1255.  The  purpose  of  preliminary  estimates  is,  first,  to  arrive  at  an 
approximate  idea  of  the  cost  of  the  work ;  secondly,  to  compare  alternate 
lines  together;  and  thirdly,  to  assist  in  fixing  the  grades.  For  neither  of 
these  purposes  is  any  great  exactitude  necessary,  especially  if  there  is 
certainty  of  having  the  quantities  at  least  large  enough.  For  estimating 
the  cost  of  the  work  an  excess  of  tw.o  or  three  per  cent  is  rather  an  ad- 
vantage. For  comparing  alternate  lines  the  error,  whatever  it  is,  will 
make  no  difference  unless  there  are  causes  why  it  should  exist  on  one 
line  and  not  on  the  other.  For  fixing  grade-lines  a  slight  percentage  of 
error  is  equally  unimportant,  since  it  is  rarely  good  engineering,  under 
modern  methods  of  construction,  to  attempt  any  very  exact  balance  of 
cut  and  fill,  the  fill  being  always  laid  out  in  excess,  and  long  cuts  avoided 
as  much  as  possible.  The  only  exceptions  to  this  rule  are  when  botht* 
cuts  and  fills  are  short  and  heavy,  so  that  the  haul  will  not  be  lons|&_ 
on  a  steep  side-slope,  so  that  throwing  the  line  out  to  decrease  th'  ^ 
will  increase  the  fills,  or  vice  versa.  Even  then  the  ix)ssibility  r  \ 
temporary  or  permanent  trestles,  the  size  of  water-ways  requires* 

differences  in  classification  will  ordinarily  have  more  effect  or  \ 

line  is  laid  than  the  mere  question  of  balancing  the  profile.  ** 

1256.  For  these  reasons  it  is  an  absurd  waste  of  time  t^  ^"^ 
moidal  formula,  or  any  other  method  but  that  of  avei:a.t  cas^» 
for  making  preliminary  estimates,  and  this  method  shg^y  a9?^*^ 
simplest  way  of  all — that  of  determining  centre-heigV 

profile,  unless  the  ground  is  quite  rough  and  irr     •  ^aV^^^^^ 
especially  if  the  material  be  rock,  plotted  cro'''^     lah'ic^^^* 
desirable.  cis^ot^  •^tro6>»<^^  ^"^ 

In  working  merely  from  the  profile  centreV^^^  ^      v^Vlc\Y  ^^      t 
trouble  to  compute  them,  there  is  a  certain  Ji^ng*  ^^^    ^u©  th^o^ 
individual  solid  may  introduce  a  consider-  |^ov»  1^^^ 
tendency  to  error  in  either  direction.     C 
too  great  as  too  small,  and  when  that  « 
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probabilities  that  if  the  average  error  on  each  individual  solid  be  i,  with 
no  tendency  to  either  excess  or  deficit,  the  probable  net  error  per  solid 
on  looo  such  solids  will  be  only  0.0316  cubic  yards,  and  on  10,000  solids 
only  o.oi  cubic  yards.  Thus  there  is  no  real  objection  to  working  from 
a  well-made  profile  for  any  preliminary  purpose. 

1297.  The  nature  of  the  error  in  the  method  of  computing  by  averag- 
ing end-areas  is  this  :  The  error  increases  as  the  square  of  the  difference 
in  centre- height,  and  is  not  in  the  least  affected  by  the  absolute  volume 
of  the  solid.  The  heavier  the  work,  therefore,  or  the  less  the  sudden 
changes  of  profile,  the  less  the  proportionate  error.  That  cut  is  an 
unusual  one  in  which  the  error  is  more  than  5  per  cent,  and  that  section 
of  road  would  be  very  unusual  on  which  the  error  was  more  than  i  per 
cent,  and  this  error  is  always  in  excess.  There  are  indeed  certain  pos- 
sible solids  in  which  the  error  will  be  in  deficiency,  and  certain  others 
(those  whose  width  on  top  is  the  same  while  the  centre-heights  differ,  or 
vice  versa)  in  which  the  end-area  method  is  precisely  correct,  while  cer- 
tain methods  by  the  prismoidal  formula  which  appear  much  more  exact 
will  give  a  deficiency ;  but  except  on  perhaps  one  solid  in  a  thousand, 
averaging  end-areas  always  gives  an  excess  of  volume. 

1298t  All  methods  of  computing  volume  by  first  transforming  the 
end  sections  into  equivalent  level-sections  introduce  a  constant  tendency 
to  deficiency,  and  for  that  and  other  reasons  are  a  worse  than  useless 
labor,  far  simpler  methods  giving  a  more  accurate  result.  The  proper 
method  of  computing  earth-work  in  construction  is  to  compute  by  end- 
areas  only,  and  then  at  any  later  time  when  convenience  serves,  to  deter- 
mine prismoidal  corrections  for  those  solids  which  need  it  only,  which 
are  those  differing  by  more  than  two  or  three  feet  in  centre-height. 
These  corrections  are  then  added  together  for  each  cut  or  section  and 
deducted  in  gross  from  the  end-area  volume.  The  reasons  which  make 
this  method  at  once  the  simplest  and  the  most  accurate  of  all,  and  the 
evidence  from  experience  that  it  is  so,  are  given  at  length-  in  the  writer's 
treatise  on  the  computation  of  earth-work,  referred  to  elsewhere  in  this 
volume,  and,  so  far  as  he  knows,  are  given  nowhere  else. 

1259t  In  computing  quantities  from  profiles  for  preliminary  purposes 
the  cut  or  fill  should,  as  a  rule,  be  assumed  to  terminate  at  the  nearest 
linlf-station  to  where  it  actually  does  terminate,  as  shown  in  Fig.  300, 
whether  its  actual  length  be  a  little  more  or  less.  This  introduces 
another  element  of  slight  uncertainty,  but  it  is  justified  by  the  fact, 
which  it  is  sometimes  difficult  for  young  engineers  to  realize,  that  the 
end  of  a  cut  makes  a  very  small  part  of  its  total  volume,  so  that  very 


[ShowinE  the  mannc 


CHAP.  XXXIII.  —  THB  ESTIMATION   OF  QUANTITIES.     897 

irifling  errors  in  the  centre-heights  at  the  middle  of  the  cut  will  have  far 
more  effect.  Moreover,  as  the  error  is  as  likely  to  be  one  way  as  another, 
it  win  be  in  the  end  com- 
pensatory, and  no  good  end 
will  be  attained  from  the 
considerable  extra  labor  of 
taking  account  of  such  de- 
tails, unless  the  material  is 
rock,  and  not  always  then, 
except  in  the  final  adjust- 
ment of  the  line. 

The  centre-heights  are 
then  read  off  at  each  sta- 
tion and  the  corresponding 
quantitiesdetermined.  This 

.  profile  cm  ii  auumcd   .       ,         a     .  -      ■      .    . 

^iMMinduking  pre-  IS  in  effect   equivalent   to 
jimiDiry  niinuiei.i  assuming  that   the    actual 

solid  in  Fig.  300  may  be  transformed  into  the  series  of  prisms  bisected 
by  the  dotted  lines. 

1260.  It  is  not  usual  nor  necessary,  in  preliminary  estimates  of  earth, 
to  make  any  part  of  the  estimate  for  fractional  stations.  Wlien  neces- 
sary it  is  allowed  for  by  taking  the  centre- heights  a  little  higher  or  lower, 
as  is  also,  in  fact,  any  excess  or  deficiency  in  ihe  length  of  the  end  sec- 
tion. In  this  way,  with  a  little  practice,  closely  approximate  results  to 
what  the  most  careful  work  will  give  can  be  readily  obtained.  There 
can  be  no  better  practice  for  the  student  than  to  determine  this  practi- 
callv. 

1261.  One  source  of  error  must  be  allowed  for  when  it  exists,  however 
—the  SURFACE  SLOPE.  This  may  be  done  either  by  using  a  coefficient 
to  multiply  the  quantities  when  obtained,  or  by  working  from  a  diagram, 
like  those  devised  by  the  writer,  which  give  quantities  at  once  for  any 
surface  slope.  When  the  surface,  slope  is  level  or  under  10°,  a  table  of 
level-section  quantities  may  be  conveniently  used,  or.  still  better,  plotted 
as  a  diagram,  as  in  those  of  the  writer,  and  the  successive  quantilies 
taken  off  by  an  odometer  or  on  a  Strip  of  paper.  The  trouble  and  chance 
of  error  in  addition  is  thus  saved. 

1262.  In  ROCK-WORK,  or  wherever  these  methods  are  not  accurate 
enough,  by  far  the  better  way  is  to  plot  the  surface,  draw  in  the  road-bed 
and  slopes  with  a  template,  and  determine  the  areas  with  a  planimeter, 
which  is  a  very  rapid,  simple,  and  accurate  method.     Before  the  final 

S7 
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location  is  regarded  as  complete,  it  is  in  every  way  desirable  that  such 
sections  should  be  plotted  coniplete  for  the  entire  line  and  carefully 
studied. 

1263t  Culverts. — It  is  always  a  mistake  to  make  separate  estima- 
tions of  each  of  the  minor  masonry  structures.  It  is  but  two  or  three 
hours'  work  to  construct  a  diagram  on  a  single  sheet  of  cross-section 
paper,  which  will  enable  the  quantities  for  any  standard  type  of  culvert 
to  be  read  off  at  once  for  any  given  centre- height,  to  a  tenth  of  a  cubic 
yard  if  desired,  but  the  nearest  cubic  yard  is  sufficiently  precise  for  the 
requirements.  The  surface  slopes  would  make  a  material  difference 
with  the  length  of  these  structures,  except  that  when  the  surface  slope 
is  steep  it  is  rarely  good  practice  to  lay  a  culvert  in  the  deepest  hollow 
of  a  gulch.  It  may  usually  be  placed  somewhat  higher  and  at  one  side, 
and  often  well  up  toward  sub-grade,  with  very  great  advantage  and 
economy,  the  only  important  point  being  to  absolutely  secure  the  lower 
end  of  the  culvert  against  wash,  which  is  readily  done.  Therefore,  if  a 
culvert  be  taken  as  the  equivalent  of  one  under  the  deepest  centre  fill 
with  a  level  surface  slope,  it  will  ordinarily  be  sufficient.  If  not,  it  can  be 
taken  as  much  deeper  as  seems  necessary. 

1264.  To  construct  the  diagram,  the  volume  of  any  box  or  arch  cul- 
vert whatever  (assuming  it  to  be  level)  is  expressed  by  the  equation 

in  which  H  ^  the  centre  height, /=  a  coefficient  depending  on  the 
cross-section  of  the  main  body  of  the  culvert  and  C=  a  constant  (which 
may  be  either  plus  or  minus),  which  includes  the  modifying  effect  on 
volume  of  the  ends  of  the  culverts.  To  substitute  actual  values  in  the 
equation  for  any  given  type  of  culvert :  Compute  its  volume  complete 
with  an  average  depth  of  foundation,  under  any  height  of  fill  from  the 
natural  surface — say  10  feet.  Compute  also  the  addition  to  its  volume 
by  lengthening  it  3  feet  (with  i^  to  i  side  slopes),  or  by  whatever  other 
length  is  added  to  the  culvert  by  increasing  the  fill  i  foot.  We  then 
have  values  of  t^,/,  and  ^to  substitute  in  the  equation,  and  Ccan  be  de- 
termined at  once. 

Such  a  diagram  has  another  value  than  merely  to  save  labor.  It  keepe 
before  the  mind  the  proportionate  quantities  in  culverts  of  different  sizes, 
although  if  this  should  lead  to  using  smaller  ones  it  would  ordinarily  be 
unfortunate.  No  dry  work  should  be  estimated  for  if  cement  is  reason- 
ably accessible.     It  is  costly  economy. 

1266.  Bridge  Piers. — Any  bridge  pier  may  be  resolved  into  certain 
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parts  independent  of  height ;  a  rectangular  solid  varying  directly  with 
height,  and  a  pyramid  or  cone.  In  other  words,  its  equation  of  volume 
is  of  the  form 

with  values  of  letters  as  above.  Numerical  values  may  likewise  be  deter*- 
mined  in  the  same  way.  With  a  batter  of  \  inch  per  foot,  the  value  of 
/',  for  volumes  in  cubic  yards,  will  be  only  .00103.  For  a  pier  10  ft.  high 
this  gives  1.03  cubic  yds.  as  due  to  the  batter;  for  a  pier  100  ft.  high,  1030 
cubic  yards. 

1266.  Bridge  abutments  and  open  culverts  may  have  their 
volume  expressed  for  constructing  a  diagram  in  precisely  the  same  way, 
as  may  also  pile  or  other  foundations.  It  may  not  save  any  great  amount 
of  labor  to  do  this,  but  it  does  furnish  a  check  against  errors  in  single 
computations,  and  is  information  which  it  is  very  convenient  to  have 
ready  for  instant  reference. 

1267.  Wooden  trestles  are  cheap  affairs.  The  effort  should  be  to 
estimate  them  liberally,  but  it  is  quite  unnecessary  in  a  preliminary  esti- 
mate to  waste  time  on  a  careful  design,  merely  for  the  purpose  of  getting 
quantities. 

In  any  wooden  trestle,  the  caps  and  all  the  floor  system  above  it,  as 
also  the  minimum  length  of  sill  and  all  wooden  parts  below  it,  are 
directly  as  the  length  of  the  structure  and  independent  of  its  height. 
The  same  is  true  of  the  cost  of  digging  foundations,  and  the  piling  or 
masonry  if  used  (as  one  or  the  other  always  should  be). 

At  a  certain  distance  below  the  cap,  say  10  feet,  there  is  a  system  of 
longitudinal,  transverse,  and  diagonal  ties  and  sway-braces  running  the 
entire  length  of  the  structure  on  a  line  about  10  feet  below  the  caps,  and 
(constructively)  a  certain  addition  to  the  length  of  the  sill.  All  this  may 
be  expressed  at  so  much  per  lineal  foot  on  a  horizontal  line  10  feet  below 
the  grade-line. 

Ten  feet  farther  down  there  is  a  similar  system,  nearly  duplicating  the 
first,  but  a  little  larger,  which  may  be  all  expressed  at  so  much  per  lineal 
foot  on  a  horizontal  line  20  feet  (or  whatever  the  distance  may  be)  below 
the  grade-line. 

So  we  may  proceed  until  we  have  provided  for  the  highest  trestles 
likely  to  occur  on  the  line  of  the  given  type,  and  we  shall  have  expressed 
the  feet  board  measure  in  any  width  in  an  equation  of  the  following 
form : 

Ft,  B,  M.  =/Z  +//:'  ■\-f'L"  +  etc., 
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in  which  Z,  L\  L"  =  the  respective  lengths  of  the  structure  on  the 
grade-line  and  on  parallel  lines  lo,  20, 30  feet,  etc.,  below  it,  and /,/*,/"= 
the  corresponding  measurement  per  lineal  foot. 

1268.  The  length  of  each  of  these  lines  below  the  grade-line  ought,  in 
theory,  to  be  measured  a  little  short  on  the  profile  to  allow  for  any  bents 
which  may  extend  below  one  system  and  not  quite  down  to  another,  but 
such  nicety  may  be  neglected.  At  the  bottom  of  the  trestle  there  will 
be  an  irregular  area  of  greater  or  less  extent.  To  include  this  in  the 
estimate,  transform  it  by  eye  into  a  rectangle  10  feet  high  and  of  equal 
area.  Any  one  familiar  with  the  construction  of  trestles  will  do  this 
with  great  accuracy;  and  the  results  of  this  method,  in  which  no  account 
is  taken  of  the  particular  number  or  position  of  bents,  come  surprisingly 
close  to  the  ultimate  measurement,  as  the  writer  has  tested  on  many 
structures. 

1269t  Trestles  should  invariably  be  built  with  side  stringers  and  ties 
about  12  ft.  long,  capped  with  a  guard  rail,  as  a  safeguard  against  de- 
railed trains,  foot-passengers  caught  on  the  structure  by  a  train,  and  the 
insidious  effect  of  decay,  as  well  as  for  its  material  addition  to  the  strength 
of  the  structure  even  when  new.  "  Split "  stringers,  breaking  joints  with 
each  other,  are  invariably  used  in  good  practice,  and  split  caps  and  sills 
boxed  into  the  posts  and  bolted  through  make  a  far  stiffer,  better,  and 
more  easily  renewable  structure  than  the  common  form  of  mortise 
joints.  "  Cluster-bent"  trestles  made  of  8  x  8  inch  timber  are  the  best 
for  high  structures. 

The  ends  of  all  trestles  and  bridges  should  be  protected  by  Latimer's 
rerailing  safety  frogs,  a  cheap  cast-iron  watchman  which  may  be  relied 
upon  to  put  derailed  wheels  back  upon  the  track,  if  not  too  far  displaced, 
as  has  been  proven  by  many  instances. 

1270.  Iron  Trestles. — Iron  trestles  may  be  estimated  in  much  the 
same  way  as  wooden  trestles,  and  it  is  of  practical  value  to  do  so  to 
bring  out  how  little  the  height  of  trestles  has  to  do  with  their  weight  or 
cost, — a  fact  which,  if  it  be  fully  realized  and  taken  advantage  of,  may 
often  be  an  immense  assistance  in  obtaining  a  favorable  line,  by  enabling 
it  to  be  carried  high  above  what  are  apt  to  be  the  most  serious  obstacles — 
the  deep  gorges. 

Iron  trestles,  for  some  occult  reason,  are  usually  planned  for  bents  30 
feet  apart,  each  successive  pair  of  bents  being  braced  together  into  a 
kind  of  pier.  Sometimes  the  intermediate  spans  are  made  45  or  60  feet, 
and  occasionally  the  bents  are  60  feet  apart,  continuously.  Sometimes 
the  intermediate  spans  are  mcreased  to  100  or  more  feet. 


/ 
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1271.  However  these  details  are  varied,  there  is  wonderfully  little  dif- 
ference in  the  total  weiglit  of  the  structure,  which  usually  comes  out  much 
the  same,  barring  a  slight  percentage,  as  if  the  simple  type  of  3o-foot  bents 
had  been  used  throughout.  What  is  gained  in  the  bents  is  lost  in  the 
floor-system,  or  vice  versa.  This  is  strikingly  illustrated  even  in  so  widely 
different  a  structure  from  the  ordinary  trestle  as  the  Kentucky  River 
bridge.  The  total  weight  of  iron  corresponds  very  closely  with  what 
would  have  been  required  to  cross  the  gorge  with  a  trestle  with  30-ft. 
bents — not  equally  safe  by  any  means,  but  of  the  same  average  weight 
per  lineal  and  vertical  foot  as  in  the  minor  structures  on  the  same  road, 
built  to  sustain  the  same  rolling  load ;  so  that  in  estimating  structures 
for  large  and  small  gorges,  by  the  same  rule,  we  do  not  go  far  astray. 

1272i  This  fact  has  led  Mr.  Geo.  H.  Pegram  to  propose  the  following 
formula  for  the  weight  of  iron  trestles,  which  he  states  that  he  has  found 
to  give  close  results  when  tested  on  a  considerable  number  of  actual 
structures : 

\Vt.  in  lbs.  =  (3Z  4-  2II)  no  for  Mogul  engines  and  1820  lbs.  per  ft.; 
in  which  L  =  the  total  length  of  the  structure  between  centres  of  end- 
pins  and  H  =  the  sum  of  the  total  bent  heights  from  top  of  masonry 
pedestal  to  top  of  columns,  taken  as  30  feet  apart,  whatever  they  may 
actually  be.  For  Consolidation  engines  we  may  take  W^=  (3Z  +  2II) 
125  to  130. 

These  formulae  give  the  total  shipping  weight  of  iron,  and  will  ordi- 
narily approximate  within  5  to  10  per  cent.  They  will  be  most  in  error 
(too  small)  for  very  large  structures. 

1273.  To  this  estimate  is  to  be  added  the  timber-floor  system  and  the 
pedestals.  The  pedestals  are  usually  of  the  best  quality  of  cut  stone 
masonry,  and  on  the  Cincinnati  Southern  Railway,  where  all  such  details 
were  very  carefully  looked  after,  averaged  1.6  cubic  yards  per  lineal  foot  of 
trestle  and  ranged  from  4  to  8  ft.  high,  above  the  natural  surface.  The 
floor  system  is  readily  estimated  according  to  the  design  adopted,  which 
should  include  plenty  of  timber. 

On  the  Cincinnati  Southern  Railway  (Mogul  rolling-load,  which 
proved  too  small  almost  before  the  road  was  op)ened)  the  average  con- 
tract prices  for  viaducts  were  $25  per  foot  horizontal  and  $10  per  foot 
vertical,  including  the  floor.  Adding  to  this  the  cost  of  masonry  pedes- 
tals, we  have,  by  a  similar  method  of  estimation  to  that  recommended 
for  wooden  trestles : 

Per  foot  horizontal  at  grade-line $40  00 

Per  foot  horizontal  at  intervals  of  lo-ft.  below  grade... .         3  33 
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1274i  We  may  see  from  this  method  of  expressing  the  cost  more 
clearly  than  otherwise  how  little  the  height  of  trestles  has  to  do  with 
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H BIGHT  ON  THB  TOTAL  CoST  OP  THB  StRUCTURB. 
TOTAL  WEIGHT  OF  STRUCTURB. 

Span,  348  ft.  (3920  lbs.  per  ft.) T^^^ooo  lbs. 

Pier,  130  ft.  4  in.  (1304  lbs.  per  ft.), 170,000  " 

Total  of  pier  and  cantilever  span,       894,000  lbs. 

Additional  per  ft.  extra  height,  aooat,     .......        1,500  " 

or  I  of  one  per  cent. 
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their  cost.  Singularly  enough,  it  appears  from  comparisons  of  the  con- 
tract prices  on  that  road  that  it  has  more  effect  on  the  cost  per  foot 
horizontal  than  per  foot  vertical,  which  latter  were  very  little  affected ; 
in  part,  no  doubt,  because  erection  is  much  more  expensive  per  pound 
with  low  trestles.  Fig.  301  will  show  how  little  the  height  has  to  do  with 
the  cost  of  even  the  largest  structures. 

1279t  It  is  probable  that  pedestals  of  very  superior  concrete  would  be 
cheaper  as  well  as  better  than  masonry.  One  difficulty  in  the  use  of  concrete 
which  is  a  very  serious  one  with  masonry  also,  is  that  under  the  usual  form  of 
contract  the  contractor  furnishes  his  own  cement.  He  is  therefore  under  a  con- 
stant temptation  to  skimp  the  work  in  that  vital  detail,  both  in  quantity  and 
quality.  The  true  way  is  for  the  company  to  purchase  its  own  cement,  furnish 
it  to  the  contractor  liberally,  and  require  him  to  use  it  so.  He  will  then  be  as 
anxious  to  make  the  work  good  in  that  respect  as  he  is  now  to  make  it  poor. 
Much  dispute  and  inspecting  annoyances  will  thus  be  saved,  the  cost  of  the 
work  little  if  any  increased,  and  its  quality  materially  benefited. 

1276.  Bridges. — In  Fig.  247,  page  767,  there  has  already  been  given 
a  diagram  prepared  by  the  writer,  mainly  from  the  formulae  cletermined 
by  George  H.  Pegram.  C.E.,  and  given  in  a  paper  before  nlie  American 
Society  of  Civil  Engineers.  In  addition  to  what  is  stated  m  connection 
with  the  diagram,  it  may  be  added  that  the  West  Shore  specifications 
called  for  rolled  I-beams  up  to  20  ft.  span,  plate  girders  from  20  to  50 
feet,  lattice  girders  from  50  to  75  ft.,  and  thereafter  pin-connected  trusses. 
Tliere  was  naturally  a  slight  jump  in  passing  from  one  to  another.  The 
weights  of  bridges  of  various  spans  were  computed  to  be  of  first-class 
construction,  without  any  additions  of  doubtful  utility,  so  that  while  a 
bridge  might  weigh  more  than  that  given  through  some  special  excel- 
lence, it  should  not  weigh  much  less.  The  following  are  the  formulae 
deduced  by  Mr.  Pegram,  in  all  of  which 

5  =  the  span  centre  to  centre  of  bed-plates  or  end-pins,  as  the  case 

may  be. 
W  =r  the  total  or  "  shipping"  weight  of  iron  or  steel  in  pounds. 
Far  iron  bridges  under  too  ft,  span  : 

^=(75  +  j)5i/5, 

ill  which 

«  =    7  for  Class  T,  Fig.  248,  page  769. 

a  =    9  for  Class  C, 

a  =  12  for  Class  M, 

For  Class  N,  three  fourths  of  the  weight  as  given  for  Class  T  was 
taken — a  very  rough  process. 
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For  iron  bridges  over  too  ft,  span : 

in  which 

b  =  loo  for  Class  C, 

^  =    80  for  Class  T. 

For  steel  bridges  over  yoo/t,  span : 

IV  =  cS\ 
in  which 

^  =  6  for  Class  C, 

r  =  6.7  for  Class  T. 

1277.  The  type  of  bridge  assumed  was  as  follows: 

For  spans  below  75  ft. :  deck-plate  girder  bridges,  8  ft  wide,  con- 
nected with  angle-iron  bracing,  and  with  cross-ties  resting  on  the  top 
chords. 

Above  75  ft.  up  to  150  ft.:  through  truss  bridges.  Pratt  or  single 
quadrangular  trusses. 

Over  150  ft.:  Whipple  or  double  quadrangular  trusses. 

The  widths  assumed  were:  For  standard-gauge  spans  under  255  ft., 
14  ft.  in  the  clear;  for  320-ft.  span,  18  ft.  centre  to  centre  of  trusses; 
(or  420-ft.  span,  21  ft.  centre  to  centre,  and  for  520  ft.  span,  25  feet  centre 
to  centre.  The  floors  of  the  spans  consisted  of  cross  floor-beams  at  the 
panel  points,  with  a  line  of  iron  stringers  under  each  rail,  except  for  spans 
over  300  ft.,  which  had  three  lines  of  stringers. 

Differences  in  depth  affect  the  weight  less  than  would  be  supposed. 
Thus  in  a  60-ft.  girder  .span,  for  Class  T.  the  difference  in  total  weights 
between  depths  of  5  ft.  and  5^^  ft.  was  practically  nothing,  and  for  an 
8o-ft.  girder  span,  calculated  for  Class  C,  with  depths  of  6  ft.,  6i  ft.,  and 
7  ft.,  the  difference  was  less  than  i  per  cent.  In  a  i8o-ft.  truss  span,  the 
difference  in  weights  between  depths  of  26  and  28  ft.  was  less  than  2  per 
cent. 

In  a  520  ft.  steel  span,  for  Class  T,  the  difference  :n  weight  between  a 
depth  of  50  ft.  and  one  of  58  ft.,  was  about  3  per  cent. ;  a  depth  of  56  ft. 
was  Anally  taken  in  this  case. 

1278.  Modifications  for  other  conditions  than  those  specified  may  be 
made  as  follows : 

If  wooden  stringers  are  used,  deduct  195  lbs.  per  ft.  for  Classes  M.and 
C,  210  lbs.  for  Class  T,  and  140  lbs.  for  Class  N. 

For  safety  stringers  add  100  lbs.  per  ft.  for  all  classes. 
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For  deck-truss  bridges  add  10  per  cent,  and  for  double-track  bridges 
90  per  cent,  to  the  formula  weight. 

Through -plate  girder  bridges  will  not  differ  materially  from  deck 
bridges  in  weight,  where  the  cross-ties  are  made  to  serve  as  floor  beams. 
When  an  iron  stringer  floor  is  used,  it  will  be  a  close  approximation  to 
add  200  lbs.  per  foot  to  the  weiglit  given  by  the  formula. 

For  bridges  of  less  than  150  ft.  span,  the  only  part  of  the  rolling  load 
which  affects  the  weight  of  the  bridge  greatly  is  the  engine  load.  For 
spans  of  over  200  or  250  ft.,  an  average  of  the  engine  and  car-load  per 
foot  will  come  nearer  to  expressing  the  ratio  by  which  the  weight  of  the 
bridge  is  affected. 

1279t  The  weight  of  a  drawbridge,  including  turn-table,  wheels  and 
machinery  to  turn  by  hand,  will  be  very  nearly  the  same  as  for  a  fixed 
span  of  the  same  total  length  to  carry  the  same  live  load.  This  rule  is 
stated  by  Mr.  Pegram  to  have  been  remarkably  exact  in  tests  on  a  num- 
ber of  drawbridges  of  1 50  to  400  feet,  both  single  and  double  track. 

1280.  The  cost  of  bridges  per  pound  is  far  from  fixed  for  all  classes 
of  structures,  but  may  be  said  to  be  made  up  as  follows : 

Cu.  per  lb 

1.  Raw  material,  rolled  and  plate  iron 2^  to  3 

2.  Work  on  same  in  shop f  to  i^ 

3.  Transportation  by  rail i  to    \ 

4.  Falseworks  and  erection i  to  i 

^.  Profit  and  administration i  to  i^ 

Total 4   to  7 

The  lowest  of  these  prices  are  sometimes  cut  under,  especially  in  dull 
times  and  for  large  orders  of  a  simple  class  of  work.  For  example,  on 
the  Manhattan  Elevated  Railway,  involving  immense  weights  of  a  very 
simple  class  of  work,  contracts  were  let  at  2  to  3  cents  per  pound,  while, 
on  the  other  hand,  fat  contracts  at  much  higher  rates  than  those  given 
above  are  not  uncommon  ;  but  these  are  fair  averages  for  average  work 
in  moderately  good  and  bad  times. 

It  will  be  seen  that  only  items  i  and  3  above,  and  not  always  even 
those,  increase  directly  with  the  weight  of  the  bridge.  We  may  say  in  s 
general  way  that  10  per  cent  increase  in  weight,  with  its  several  times 
greater  increase  in  safe  rolling  load,  will  mean  not  more  than  5,  or  at 
most  6,  per  cent  in  the  cost  of  the  bridge  to  the  company,  and  propor- 
tionately for  greater  or  less  differences  of  weight. 
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1261.  Station  buildings,  yards,  track  and  track-laying,  and  many  other 
minor  details  of  construction,  must  likewise  be  included  in  any  complete 
estimate,  but  to  consider  them  here  would  lead  us  too  far  from  our  sub- 
ject, which  has  had  to  do  with  those  details  only  which  are  connected 
with  and  affected  by  the  location  of  the  road. 

In  all  such  details,  it  has  been  intended  to  go  far  enough,  and  not  too 
far,  to  at  least  fairly  prepare  the  patient  reader  to  make  a  decent  approxi- 
mation  to  the  true  economy  of  alignment.  To  do  more  than  this  can 
only  be  a  happy  accident  with  any  one.  To  do  less  than  this  the  writer 
hopes  he  may  have  rendered  unnecessary.  He  has  not  spared  his  own 
labor  to  do  so,  and  for  wherein  he  may  have  fallen  short  he  can  only  saj 
with  the  heroine  of  "  A  Winter's  Tale  :"  "  I  speak  as  my  understanding 
instructs  me,  and  as  mine  honesty  puts  it  to  utterance." 
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EXPERIMENTS    ON    THE    RESISTANCES    OF    ROLLING^TOCK. 

[Made  by  the  author  on  the  Lake  Shore  A  Michigan  Southern  Railway,  at  CleveUnd,  OL. 
June-July,  1878.    Abbreviated  from  Trans.  Am.  Soc.  C.  B.,  Feb.,  1879.] 

The  mode  of  test  was  by  what  may  be  termed  the  "drop  test;"  start 
ing  cars  from  a  state  of  rest  down  a  known  grade,  and  deducing  the 
resistances  from  the  velocity  acquired.  The  principle  of  this  method  has 
often  been  employed  before,  sometimes  merely  to  determine  comparative 
resistances,  without  attempting  to  measure  their  absolute  amount,  and 
sometimes  to  determine  a  single  average  resistance  from  the  average 
velocity  for  the  whole  descent.  In  the  present  tests  it  was  attempted, 
with  entire  success,  to  extend  this  method  to  the  determination  of  a  series 
of  successive  resistances  at  successive  points  (eleven  in  most  cases)  in  the 
path  of  the  vehicles,  during  which  their  velocity  varied  from  o  to  30 
miles  per  hour.  Great  accuracy  in  time  observations  was  necessary  for 
this  purpose,  which  was  fully  secured  by  the  aid  of  electricity,  so  fully, 
in  fact,  that  the  margin  for  error  in  the  latter  half  of  the  experiments 
is  hardly  more  than  j\  lb.  per  ton.  It  must  be  added,  however,  that 
about  halt  the  tests  were  made  before  the  apparatus  was  fully  perfected, 
and  are,  hence,  less  minutely  accurate,  but  the  maximum  errors  in  these 
latter  can  hardly  exceed  i  lb.  per  ton  in  any  case,  as  will  be  evident  from 
the  record  plates,  and  all  errors  of  any  kind  in  this  mode  of  test  are 
necessarily  compensatory,  any  excess  in  one  resistance  causing  a  corre- 
sponding deficiency  in  the  succeeding  one,  and  vic^  versa. 

It  is  believed  that  equal  accuracy  is  unattainable  by  any  other  mode 
of  test,  since  it  is  plain  that  every  step  in  this  process  is  free  from  any 
sensible  source  of  error  other  than  carelessness.  The  accelerating  force 
(gravity)  is  uniformly  applied,  and  exactly  known  from  formulae,  without 
measurement.  This  force  is  necessarily  all  consumed  (i)  in  overcoming 
the  resistances  to  be  measured,  or  (2)  in  communicating  velocity.  The 
amount  of  force  represented  by  a  given  velocity  is  known  by  formulae, 
without  measurement,  and   the  velocity  itself  is  exactly  recorded  by 
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electricity,  beside  a  synchronous  record  of  seconds,  from  which  intervals 
of  time  may  be  easily  read  off  to  -f^  second.  Errors  from  carelessness 
in  computation  are  always  possible,  but  three  checks  existed  against  them: 
(i)  All  formulae  used  were  first  tabulated  by  "constant  differences ;"  (2) 
most  of  the  resistances  were  computed  independently  by  two  distinct 
methods,  and  (3)  all  the  computations,  when  completed,  were  plotted 
on  the  record  diagrams  (Plate  IX.)»  and  so  many  resistances  were  deter- 
mined for  each  test  at  gradually  increasing  velocities,  that  any  consider- 
able error  of  computation  revealed  itself  graphically.  Finally,  any  errors 
which  still  occur  are  not  cumulative,  any  excess  in  one  resistance  causing 
a  corresponding  deficiency  in  the  next  following,  and  vice  versa. 

The  tests  were  made  under  as  great  a  variety  of  conditions  in  respect 
to  load,  number  of  cars  in  a  train,  area  of  cross-section,  etc.,  as  it  was 
possible  to  secure  with  the  limited  time  at  command,  and  give  due  cer- 
tainty to  each.  This  variety  of  conditions  was  secured  in  order  to  facili- 
Ute,  as  far  as  possible,  one  of  the  objects  which  was  held  especially  in 
view,  viz.,  a  more  correct  separation  than  heretofore  of  the  aggregate 
resistance  from  velocity  only  (excluding  the  normal  axle-friction)  into  its 
constituent  elements,  air  resistance,  oscillatory  resistance,  etc.  This  ob- 
ject, it  is  thought,  has  been  quite  successfully  attained,  and  with  some- 
what surprising  results. 

[The  great  length  to  which  this  volume  has  grown  forbids  the  reprodnction 
of  the  body  of  the  paper,  and  those  desiring  to  follow  it  are  referred  to  the 
paper  itself.  The  determination  of  the  possible  air  resistance  especially  is 
believed  to  have  been  sufficiently  exact  to  make  it  certain  that  it  has  less  effect 
on  the  movement  of  trains  than  is  commonly  supposed.  The  following  are  the 
conclusions  of  the  paper:] 

Summary. 

We  may  summarize  the  various  conclusions  reached  in  the  preceding 
paper  as  follows : 

I  St.  The  axle  and  rolling  friction  of  empty  freight  cars  may  be  taken 
as  6  lbs.  per  ton  of  2000  lbs.  The  axle  and  rolling  friction  of  coaches 
and  loaded  freight  cars  may  be  taken  as  4  lbs.  per  ton.  The  fluctuations 
from  these  limits  are  small,  rarely  exceeding  i  lb.  per  ton  in  single  cars, 
or  i^  to  i  lb.  per  ton  in  a  train. 

2d.  The  initial  resistance  at  the  instant  of  starting  is  several  times 
greater  than  this,  and  greater  for  loaded  than  for  empty  cars,  being  at 
least  18  lbs.  per  ton  for  loaded  cars,  and  14  lbs.  per  ton  for  empty  cars/ 
as  an  average,  but  fluctuating  considerably.  Its  amount  probably  varies 
wah  the  length  of  stop,  according  to  unknown  laws. 
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3d.  Most  of  this  initial  resistance  is  almost  wholly  instantaneous,  and 
consumes  little  power.  Enough  of  it  still  remains,  however,  to  increase 
the  normal  axle-friction  in  the  first  few  car-lengths  by  at  least  2  lbs.  per 
ton.* 

4th.  The  air  resistance  against  such  a  surface  as  the  end  of  a  box  car 
(about  80  sq.  ft.)  is  less  than  \  lb.  per  square  foot  at  a  velocity  of  10  miles 
per  hour,  and  (presumably)  increases  as  the  square  of  the  velocity.  The 
current  estimates  of  this  resistance  (i  lb.  to  i  lb.  per  square  foot)  are 
erroneous  by  from  250  to  500  per  cent,  when  applied  to  surfaces  of  that 
size. 

5th.  About  two  thirds  of  the  velocity  resistance  proper,  excluding  the 
normal  axle-friction,  is  due  to  oscillation  and  concussion.  The  resistance 
due  to  this  latter  cause  alone  may  be  estimated  at  \  lb.  per  ton  at  a 
velocity  of  10  miles  per  hour,  varying  as  the  square  of  the  velocity. 

6th.  The  resistance  of  curves  decreases  materially  with  the  velocity, 
and  appears  to  be  greater  by  a  considerable  percentage  in  the  first  200  to 
500  feet  than  on  the  rest  of  the  curve. 

7th.  The  resistance  of  a  i**  curve  is  over  i  lb.  per  ton  at  a  velocity  of 
12  miles  per  hour,  and  decreases  to  about  \  lb.  per  ton  at  a  velocity  of 
22  miles  per  hour.  The  resistance  of  an  8"  curve  is  over  8  lbs.  per  ton  at 
a  velocity  of  9  miles  per  hour,  and  decreases  to  about  6^  lbs.  per  ton 
(probably)  at  a  speed  of  19  miles  per  hour. 

8th.  The  average  resistance  of  a  i**  curve  to  4-wheel  trucks,  having  a 
5-foot  rigid  wheel-base,  and  to  6-wheel  trucks  having  a  io}-foot  rigid 
wheel-base  (except  for  the  play  of  the  boxes  in  the  pedestal -jaws),  appear 
to  be  almost  identical. 

9th.  It  appears  possible  that  the  act  of  coupling  together  cars  by  a 
loose  link  slightly  decreases  the  axle-friction,  and  hence,  presumably^ 
the  oscillating  friction  at  high  velocities.  The  average  reduction 
observed  from  coupling  four  or  five  cars  together  appeared  to  be  as 
much  as  \  lb.  per  ton.  [The  tests  appeared  to  indicate  this,  but  the 
author  now  regards  it  as  very  doubtful.] 

loth.  There  appear  to  be  good  grounds  for  suspecting  that  a  slight 
superelevation  of  one  rail  on  a  tangent  may  have  the  effect  of  appre- 
ciably reducing  the  resistance  to  motion  even  at  velocities  of  ten  or 
twelve  miles  per  hour. 

*  This,  of  course,  does  not  include,  nor  in  any  way  refer  to,  the  additional 
power  demanded  to  get  up  speed,  which  is  2  lbs.  per  ton  to  give  a  speed  of  10 
miles  per  hour  in  3340  feet,  or  4.5  lbs.  per  ton  to  give  a  speed  of  15  miles  per 
hour  in  the  same  distance. 
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nth.  Roller-journals  of  various  forms  appear  to  be  very  effectual  at 
velocities  of  o  4- »  but  lose  nearly  all  their  theoretical  advantage  as  the 
velocity  increases.  Such  journals  appear  to  be  more  effective  as  the 
load  is  decreased,  and  reduce  the  resistances  of  empty  horse  cars  by 
about  one  half. 

1 2th.  Forty-two-inch  wheels  seem  to  be  even  more  effectual  than 
theory  would  indicate  in  reducing  extra  friction. 

13th.  The  equation  of  resistance  for  average  trains  (twenty  cars)  of 
loaded  box  cars  may  be  taken,  approximately,  as 


or,  for  trains  of  forty  empty  box  cars, 

106 
The  velocity  resistances  of  flat  cars  increase  somewhat  more  rapidly, 
being  for  twenty  loaded  flat  cars  — ,  and  for  forty  empty  flat  cars  -^. 

These  formula:  are  believed  to  be  closely  approximate  up  to  velocities 
of  thirty  miles  per  hour.     No  tests  were  made  at  higher  velocities. 

14th.  The  coefficient  of  axle- friction  is  about  .02  for  loaded  freight 
cars  and  passenger  coaches  at  speeds  of  over  five  miles  per  hour,  about 
.03  for  empty  freight  cars,  about  .065  for  horse  cars,  and  about  .12  for 
freight  trucks  without  load.  The  coefficient  is  two  to  three  times 
greater  at  the  instant  of  starting.  It  decreases  rapidly  as  the  load  per 
journal  increases. 
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EXPERIMENTS  WITH   NEW  APPARATUS  ON  JOURNAL-FRICTION 

AT   LOW  VELOCITIES. 

[A  Paper  by  the  author,  read  before  the  American  Society  of  Civil  Bn^neers,  June  4, 1884. 

Abbreviated  from  Trans.  Am.  Soc.  C.  B.,  Dec.,  1884.] 

The  following  experiments  were  undertaken  by  the  writer  in  the  winter 
of  1878,  primarily  to  test  the  correctness,  especially  in  respect  to  initial 
friction  at  low  velocities,  of  a  series  of  other  tests  of  rolling-stock  resist- 
ances (see  Appendix  A)  made  in  a  totally  different  manner,  on  the  Lake 
Shore  &  Michigan  Southern  Railway,  under  the  direction  of  Charles 
Paine,  Member  and  ex-President  of  the  Society,  who  kindly  furnished 
the  writer  all  necessary  facilities. 

The  apparatus  used  is  shown  with  sufficient  clearness  in  Fig.  302.  It  is 
extremely  cheap  and  simple,  but  fulfils  its  purpose  as  perfectly  as  could 
be  desired,  and  is  believed  to  be  entirely  novel.  The  axle  A  to  be  tested 
is  placed  in  an  ordinary  lathe,  having  as  great  a  variety  of  speeds  as 
possible.  The  testing  apparatus,  as  actually  constructed,  consisted  of  an 
oak  beam,  6',  about  4^x4"  in  size,  and  about  5  ft.  long,  carrying  the  com- 
pound lever,  LU,  each  of  which  multiplies  the  load  applied  about  1 1  times, 
or,  in  the  aggregate,  125  times.  The  yoke  E  encircles  the  axle  and  bears 
against  the  brass  B  underneath  it,  thus  furnishing  the  necessary  resist- 
ance to  the  action  of  the  levers  and  throwing  the  same  load  upon  the 
lower  brass  ^  as  is  imposed  by  the  levers  directly  on  the  upper  brass  by 
transmission  through  the  pin  D,  the  latter  being  passed  through  a  hole 
in  the  beam  C.  The  pressure  was  transmitted  to  both  the  upper  and  the 
lower  brass  by  suitable  iron  blocks  (shown  in  the  cut  directly  above  and 
below  the  brasses),  representing  as  nearly  as  might  be  the  ordinary  form 
of  the  top  of  a  journal-box. 

As  thus  constructed,  it  will  be  seen  that  the  entire  apparatus  (when 
properly  balanced,  which  is  perfected  by  the  light  counterpoise  H)  is 
poised  in  unstable  equilibrium  on  the  axle  A,  and  opposes  no  resistance 
to  motion  in  either  direction,  except  such  as  arises  from  friction.  A  very 
heavy  load  may  be  thrown  on  the  bearings  viz.,  6000  lbs.  (3000  lbs.  oh 
58 
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each  bearing)  for  every  24  lbs.  of  load,  W  placed  on  the  extremity  of  tho 
compound  lever,  but  the  only  weight  thrown  upon  the  lathe-centres 
is  the  dead  weight  of  the  apparatus  itself,  which  was  kept  constant  at 
205  lbs. 

[Some  further  details  are  omitted  here,  and  throughout  the  remainder  of  the 
paper.] 

When  the  axle  A  is  caused  to  revolve,  the  lever  C  is  held  stationary 
by  the  platform-scale,  and  it  is  obvious  that  the  pressure  produced  upon 


Fig.  309.— ArPARATus  fok  Tbsting  Journal-Friction  in  a  Laths. 

the  scale  furnishes  an  exact  and  direct  measure  of  the  journal-friction 
It  was  found  in  practice  that  this  pressure,  varying  from  10  to  140  lbs., 
witli  the  proportions  actually  adopted,  could  be  weighed  with  as  much 
delicacy  and  ease  as  if  it  were  a  material  substance  resting  upon  the 
platform  of  the  scale.  Under  a  given  load  and  speed  of  journal  the 
friction  produced,  although  it  did  not  remain  absolutely  stationary, 
varied  so  very  little  and  so  slowly  that  the  beam  of  the  scale  would 
sometimes  vibrate  slowly  and  gently  between  the  guards  (sometimes 
touching  the  upper  one  and  again  returning  to  the  lower,  but  for  the 
most  part  touching  neither)  for  10  or  15  minutes  at  a  time.  On  the 
other  hand,  when  the  brass  was  growing  hot,  by  continuing  the  test  for 
a  considerable  time  the  friction  would  continue  to  increase  so  that  the 
scale-weight  had  to  be  continually  moved  ;  but  the  change  was  never  so 
rapid  but  that  it  could  be  easily  followed  and  studied  with  the  scale,  with 
an  absolute  certainty  that  the  friction  existing  for  the  moment  was  being 
accurately  weighed.  The  difference  in  friction  caused  by  temperature 
was  found  to  be  very  great,  but  in  the  absence  of  arrangements  for 
accurately  determining  the  temperature  no  very  close  results  as  to  its 
precise  effect  were  attempted. 
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As  the  failures  in  designing  such  apparatus  are  as  instructive  as  the 
successes,  it  may  be  noted  that  the  entire  success  of  this  apparatus  de- 
pends upon  the  use  of  the  platform-scale,  or  some  equivalent  device  for 
weighing  the  strains,  in  which  the  measurement  of  the  strains  is  as  nearly 
as  may  be  absolutely  statical,  no  motion  of  the  bearing  whatever  being 
necessary  in  order  to  express  a  variation  of  friction.  It  was  at  first 
attempted  to  use  spring-scales  to  measure  the  friction,  with  the  idea  that 
variations  of  friction  could  be  more  delicately  and  readily  read.  The 
vibration  which  would  almost  instantly  set  up,  seemed  to  indicate  quick 
and  great  irregul.^^rities  of  friction,  and  absolutely  forbade  any  useful  in- 
dications from  the  readings. 

It  has  been  preferred  in  this  paper  to  deal  with  resistances  in  pounds 
per  ton,  instead  of  the  coefficient  of  friction,  for  two  reasons : 

1st.  The  determination  of  these  resistances,  and  not  investigations  of 
the  general  laws  of  all  friction,  was  the  end  in  view  in  the  experiments. 

2d.  The  coefficient  proper  is  a  minute  decimal,  conveying  no  im- 
pression to  the  mind  in  itself,  whereas  resistances  per  ton  are  something 
that  engineers  are  already  familiar  with,  and  being  expressible  with  few 
digits  and  in  integral  numbers,  the  mind  much  more  easily  grasps  and 
follows  their  relations  to  each  other. 

For  the  same  reasons,  the  velocities  here  spoken  of  are  miles  per  hour 
of  train-speed.  Multiplying  the  velocities  given  by  9  gives,  very  approx- 
imately, the  journal-speed  in  feet  per  minute. 

In  the  comparisons  which  follow,  with  various  experiments  the  ap- 
proximate formula,  R  —  200C  has  been  used  to  convert  the  recorded  co- 
efficients into  pounds  per  ton.  This  is  only  correct  when  the  diameter 
of  a  railroad  journal  is  one-tenth  the  diameter  of  the  wheel.  In  general, 
at  the  present  time,  it  ranges  from  less  tiian  9  to  9.6  times,  the  latter 
having  been  the  ratio  in  the  present  test ;  so  that  the  use  of  the  approxi- 
mate formula  for  converting  coefficients  obtained  by  others  into  pounds 
per  ton  gives  a  result  about  4  per  cent  too  small.  In  view  of  the  fact, 
however,  that  these  results  differ  300  to  400  per  cent  from  each  other,  in 
many  cases  under  circumstances  which  seem  to  entitle  them  to  equal 
credit,  this  error  has  not  been  deemed  of  moment,  provided  its  existence 
be  remembered. 

The  apparatus  heretofore  described  is,  when  properly  constructed, 
believed  to  possess  every  important  advantage  of  the  various  testing 
machines  in  use,  with  some  peculiarly  its  own.  It  is  very  light  and 
cheap ;  the  actual  weights  to  be  handled  are  very  small,  so  that  they  arc 
readily  changed,  and  but  little  strain  is  produced  on  the  machine:  it  can 
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be  used  in  any  ordinary  lathe  and  with  an  ordinary  platform  scale, 
enough  varieties  of  which  can  be  obtained  without  special  construction  to 
satisfy  every  requirement;  it  is  positive  in  its  action  throughout,  and  no 
delicate  computation  and  construction  of  scales  is  necessary  for  its  use ; 
and  it  admits  of  any  desired  delicacy  of  readings  by  the  simple  substitution 
of  more  delicate  scales.  The  common  platform-scale  of  the  shop  where 
the  tests  were  made  was  deemed  sufficient  in  this  instance,  since  the 
stresses  actually  weighed  ranged  so  high  that  the  error  of  observation 
from  lack  of  delicacy  in  the  scales  could  rarely  exceed  a  fraction  of  one 
per  cent.  The  axle  was  set  very  slightly  eccentric,  so  as  to  imitate  the 
effect  of  an  imperfectly  centred  wheel.  This  probably  somewhat  in- 
creased the  coefficient,  although  very  slightly  at  the  low  speed  used. 
The  effect  of  end  play  in  distributing  lubricants  was  imitated  by  the  oc- 
casional use  of  manual  force.  It  was  found  possible  to  do  this  in  great 
degree,  and  it  was  generally  found  to  have  a  slight  beneficial  effect  upon 
the  coefficient,  but  only  slight;  especial  pains  was  at  all  times  taken  to 
have  the  journal  well  lubricated  before  beginning  each  test.  The  jour- 
nals and  brn.«^es  were  fairly  well  polished  by  use  up  to  their  average  con- 
dition in  service,  but  no  more. 

The  tests  made  are  shown  in  Table  I.  (omitted),  and  graphically  in 
Fig.  303.  Three  different  loads  only  were  used  in  testing,  corresponding 
as  nearly  as  might  be  to  the  loads  on  bearings  of  a  loaded  car,  empty  car 
and  truck  alone.  Each  one  of  these  it  was  designed  to  test  a  number  of 
times  at  all  the  sp)eeds  which  the  lathe  used  admitted  of.  Whenever  a 
bearing  heated  above  150^  F.  the  tests  were  suspended  and  the  bearings 
cooled,  since  no  means  had  been  provided  for  accurate  measure  of  tem- 
perature. Each  test,  at  any  given  speed  and  load,  was  continued  for 
from  5  to  even  30  minutes,  when  the  bearings  were  cool,  in  order  to  be 
certain  that  it  was  a  fair  average.  When  the  bearings  were  hot  the  tests 
were  shorter,  and  the  bearings  were  retained  as  nearly  as  might  be  at  the 
same  temperature  by  waiting  a  considerable  interval  between  each  test. 
During  a  test  the  resistance  would  generally  fluctuate,  slowly  and  gently, 
from  10  per  cent  to  sometimes  20  per  cent  higher  or  lower  than  the 
average  afterwards  taken.  This  change  was  considered  normal,  and 
arose  from  no  discernible  cause.  When  the  fluctuations  were  greater 
than  this  they  were  generally  very  much  greater,  and  arose  from  heating 
of  the  bearings. 
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The  intensity  of  the  strain  per  sq.  in.  of  journal  (longitudinal  section) 
Ib  indicated  graphically  in  this  (and  the  following)  diagrams,  as  follows  * 
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differences  of  lubrication  and  temperature.  It  is  not  appreciably  affected 
by  the  fact  that  the  journal  may  be  just  starting  into  motion,  or  is  just 
coming  to  rest,  or  is  temporarily  reduced  to  a  velocity  of  o  +  during 
continuous  motion. 

3.  At  velocities  higher  than  o  +,  but  still  very  low,  the  same  general 
law  obtains.  The  coefficient  falls  very  slowly  and  regularly  as  velocity 
is  increased,  but  is  constantly  more  and  more  affected  by  differences  of 
lubrication,  load,  and  temperature. 

4.  A  very  slight  excess  of  initial  friction  proper  (varying  from  \  lb. 
to  2  lbs.)  could  generally  (but  not  always)  be  observed  over  that  which 
continued  to  exist  at  the  nearest  approach  to  a  strictly  infinitesimal 
velocity  which  it  was  possible  to  obtain.  This  difference  was,  by  analogy, 
ascribed  solely  to  the  fact  that  the  lowest  continuous  velocity  attainable 
was  not  strictly  infinitesimal,  and  the  final  conclusion  was  drawn  that — 

5.  There  is  no  such  phcnor.ienon  in  journal-friction  as  a  friction  of 
rest,  or  a  friction  rf  quiescence,  in  distinction  from  (i.e.,  differing  in 
amount  from)  friction  of  motion  at  slow  velocitie^^  and  due  to  the  fact 
of  quiescence.  Consequently,  the  use  of  such  a  term,  although  con- 
venient, is  scientifically  inaccurate,  in  that  it  ascribes  the  phenomenon 
to  the  wrong  cause,  and  to  a  cause  Which  is  not  necessary  for  its  exist- 
ence. The  fact  that  friction  of  rest,  as  such,  appears  to  exist,  is  due 
solely  to  the  fact  that  no  journal  or  other  solid  body  can  be  instantly 
set  into  rapid  motion  by  any  force,  however  great.  There  must  be  a  cer- 
tain appreciable  instant  of  time  during  which  the  velocity  is  infinitesimal 
and  gradually  increasing. 

This  interesting  fact,  which  is  believed  to  have  been  here  observed 
for  the  first  time  (no  other  apparatus  being  known  to  have  been  used 
suitable  for  determining  it),  was  determined  with  great  completeness  by 
many  tests.  Very  slow  motion  could  be  produced  at  any  time  by  re- 
volving the  driving- pulley  of  the  lathe  by  hand  when  geared  for  a  slow 
speed.  With  a  little  experience,  the  weight  on  the  scale-beam  could  be 
placed  in  advance  at  a  point  which  would  be  a  trifle  less  than  the  initial 
friction  proper,  and  (when  properly  placed)  it  would  barely  lift  when 
motion  first  began,  and  then  have  to  be  moved  back  a  notch  or  two  only, 
to  weigh  the  friction  which  continued  to  exist  indefinitely.  Similarly, 
when  a  test  at  comparatively  high  speed  was  about  to  be  concluded,  the 
scale-weight  would  be  placed  to  measure  the  same  pressure,  or  a  little 
less,  as  existed  in  starting,  and  it  was  always  found  to  indicate  in  stop- 
ping substantially  the  same  friction  as  in  starting.  The  same  test  was 
made  by  interrupting  tests  at  speed,  so  as  to  give  a  continuous  motion. 


APPENDIX  B.  921 


but  to  suddenly  reduce  the  speed  to  o  +.    These  tests  were  repeated 
again  and  again,  with  practically  identical  results. 

Comparing  these  results  with  others,  they  agree  very  closely  indeed 
with  the  writer's  conclusions  from  the  results  of  his  gravity  tests,  as  will 
be  seen  below : 

"  Initial"  /ournal-f rid  ion  (i.e.,  at  velocity  of  o  +). 

Writer's  conclusions  from  journal  tests,  above,  say..     19    to    25  lbs.  per  ton. 
Wrher's  conclusions  from  gravity  tests  of  rolling-stock 

(see  Trans.  Am.  Soc.  C.  E.,  February,  1879),  *'at 

least" 14    to    18     ••       "     •• 

Prof.  R.  H.  Thurston  (*' Friction  and  Lubrication," 

page  175),  W.  Va.  oils 22    to    28     *•       "     " 

Prof.  R.  H.  Thurston  (*' Friction  and  Lubrication," 

page  175),  sperm 14    to    28     "       "    •* 

Prof.  R.  H.  Thurston  ("  Friction  and  Lubrication," 

page  175),  lard 14    to    22     "       "    *• 

Prof.  Kimball  {Am.  Jour.  Set.,  March,    1878,  or  Fr. 

and  L.,  page  186) 22    to    31     **       ••     •• 

In  addition,  it  may  be  noted  that  the  writer  has  taken 

pains  to  observe  with  some  care  at  various  times 

that  in  ordinary  service  no  railroad  cars  can  start 

themselves  from  rest,  nor  can  they,  in  general,  be 

started  without  the  use  of  much  force,  on  a  grade 

of  .7  per  cent  (=14  lbs.  per  ion,  36  ft.  per  mile), 

but  that  they  will  generally  (but  not  always)  start 

of  themselves  on  a  grade  of  i.i  to  1.2  per  cent 

(=  22  to  24  lbs.  per  ton.  58  to  63  ft.  per  mile),  in- 
dicating an  "  initial "  friction  of 20    to    94    **      **    •* 

These  results  agree  wonderfully  well  with  each  other,  the  averages 
running  18,  16.  25,  20,  18,  251,  and  22  lbs.  per  ton,  the  average  of  all  being 
18.0  to  25.0  lbs.  per  ton,  or  20^  lbs.  as  the  general  average  of  all.  This 
corresponds  to  the  accelerating  force  of  gravity  on  a  i  per  cent  (52.8  ft. 
per  mile)  grade,  and  that  being  also  the  lowest  grade,  by  universal  rail- 
road experience,  upon  which  cars  can  be  relied  on  to  start  off  from  a 
state  of  rest  with  little  or  no  assistance,  the  correctness  of  this  coefficient 
may  be  considered  as  well  determined.* 

*  On  a  0.7  per  cent  grade  (14  lbs.  per  ton)  the  writer  found  it  impossible  in 
several  instances  for  six  men  pushing,  two  with  pinch-bars,  to  start  two  loaded 
box  cars  into  motion.     In  no  single  instance  out  of  over  sixty  did  cars  start 

« 

without  some  assistance. 
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Normal  Coefficient  of  Journal-friction  at  Ordinary  Operating  Veloci- 
ties,— Certain  general  facts  seem  to  be  clear  from  all  the  various  tests 
here  considered : 

The  first  of  these  is,  that  (i)  the  character  and  completeness  of 
lubrication  seems  to  be  immensely  more  important  than  the  kind  of 
the  oil,  or  even  pressure  and  temperature,  in  affecting  the  coefficient. 

This  is  very  clear  from  the  diagrams  (Figs.  303  to  307)  showing  the 
various  results.  Mr.  Tower  found  that  lubrication  by  a  bath  (whether 
barely  touching  the  axle  or  almost  surrounding  it)  was  from  six  to  ten 
times  more  effective  in  reducing  friction  than  lubrication  by  a  pad.  By 
this  method  of  lubrication  Mr.  Tower  succeeded  in  reducing  the  co- 
efficient in  a  large  number  of  tests  to  as  low  a  point  as  .001,  equivalent 
to  only  0.2  lb.  per  ton  of  tractive  resistance,  and  the  general  average  in 
the  bath  tests,  under  all  varieties  of  load  and  speed,  is  given  as  only 
.00139  or  0.278  lb.  per  ton,  against  1.96  to  1.95  lbs.  per  ton  with  siphon- 
lubricator,  or  pad  under  journal.  These  results  are  very  far  below  any 
heretofore  reported,  as  will  be  ceen  from  the  following  general  average 
of  results;  not  considering  now  the  comparatively  minor  variations  pro- 
duced by  ordinary  workinr;  differences  in  temperature,  load,  etc. 

The  normal  journal-friction,  under  favorable  conditions,  deduced 
from  various  series  of  tests,  may  be  summarized  as  follows  for  velocities 
greater  than  10  miles  per  hour,  or  90  ft.  per  minute,  journal  speed : 

Beauchamp  Tower,  bath  of  oil. 278  lbs.  per  ton. 

padorsiphon 1.9       "      "     " 

Thurston,  light  loads 2.75 

'*         heavy  loads i .  75 

Wellington  (gravity  tests  of  cars  in  service),  light  loads  ....  6.0 

heavy  **     ....  3.9 


(<  •<         (C 


••        «•      «« 


<•        «•      «< 

««  «•        M 


•'  direct  tests  (as  shown  in  Fig.  2) ]•    ^ * ' 

I      3.7 

Thurston,  inferior  oils  (Fr.  and  Lub.,  p.  173). \     ^* 

I      3.0 

Morin,  continuous  lubrication .6.0  to  10.8 

These  discrepancies,  especially  as  they  are  accompanied  by  many 
minor  ones,  are  very  instructive,  as  showing  that  the  character  of  lubri- 
cation is  the  great  cause  of  variation  of  coefficient. 

Resistance  of  Freight  Trains  in  Starting,— 1\.  will  be  seen  in  Fig.  303 
that  the  abnormally  high  coefficient  of  friction  at  starting  continues 
during  the  period  of  getting  up  speed,  and  thus  constitutes  an  extra  tax 
upon  tractive  power  for  some  little  distance  after  getting  under  way. 
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The  following  conclusions  may,  it  is  believed,  be  drawn  (already  sum- 
marized in  par.  635). 

Effect  of  Temperature  on  Coefficient  of  Friction. — So  far  as  can  be 
estimated,  the  results  agree  very  closely  with  Prof.  Thurston's  formula 
that  the  coefficient  increases  as  the  square  of  the  increase  ot  heat  over 
90°  to  100°  F.  at  speeds  under  12  miles  per  hour. 

Effect  of  Load  per  Square  Inch  of  Bearing  on  Coefficient  of  Friction, — 
Comparison  of  the  results  obtained  by  the  writer,  and  by  Messrs.  Thurs- 
ton and  Tower  and  others,  as  shown  in  Figs.  303  to  307,  develop  this 
curious  fact :  that  while  the  results  differ  quite  widely,  in  fact  by  several 
hundred  per  cent,  in  what  may  be  called  the  typical  or  average  co- 
efficient of  friction,  they  all  agree  quite  closely  in  iinding  that  the  effect 
of  increased  load,  within  working  limits,  is  to  very  materially  diminish 
the  coefficient.  Mr.  Tower,  in  fact,  goes  so  far  as  to  state,  as  one  of  the 
results  of  his  tests,  that  it  almost  seemed  at  times  as  if  it  was  approxi- 
mately true  that  the  absolute  loss  by  friction  was  entirely  independent  of 
load,  the  coefficient  falling  almost  to  half  when  the  load  was  doubled. 
But  it  seems  plain,  from  the  diagrams  given  herewith,  that  this  result  is 
only  true  on  account  of  the  unprecedentedly  low  coefficients  which  he 
obtained  by  his  very  perfect  lubrication.  Inspection  of  the  diagrams  will 
show  that  the  general  law  of  variation  from  increase  of  load  is  not  mate- 
rially different  in  the  different  tests,  despite  the  wide  variations  m  the 
average  coefficients. 

Effect  of  Velocity  07fer  Twelve  Miles  per  Hour, — Figs.  303  to  307,  taken 
in  connection,  seem  to  show  the  following : 

1.  The  velocity  of  lowest  journal-friction  is  10  to  15  miles  per  hour, 

2.  With  bath  or  other  very  perfect  lubrication  there  is  a  very  slight 
increase  of  journal-friction  accompanying  velocities  up  to  55  miles  per 
hour  (Figs.  306  and  307). 

3.  With  less  perfect  lubrication,  as  with  pad  or  siphon,  greater 
velocity  is  as  apt  to  decrease  as  to  increase  the  coefficient  (Figs.  304, 305, 
and  307).  The  latter  being  more  like  the  ordinary  lubrication  in  railroad 
service,  we  may  say,  without  sensible  error,  that  the  coefficient  of  journal- 
friction  is  approximately  constant  for  velocities  of  15  to  50  miles  per 
hour. 

This  has  been  the  assumption  which  all  investigators  of  railroad  fric- 
tion, to  date,  have  been  compelled  to  make,  and  it  is,  in  some  respects, 
fortunate  that  it  proves  not  far  from  true. 

Higley  Roller-Journal  Bearings. — The  direct  tests  of  this  apparatus 
confirmed  exactly  the  correctness  of  the  writer's  previously  stated  con- 
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elusions,  that  the  Higley  bearing  was  nearly  as  efficient  as  theory  would 
indicate  in  reducing  initial  friction,  but  loses  nearly  all  of  this  advantage 
under  speed*. 

[The  paper  was  followed  by  a  long  discussion,  which  it  is  necessary 
to  omit,  bringing  out  many  further  points  of  interest.] 


J 
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THE  AMERICAN  LINE  FROM  VERA  CRUZ  TO  THE  CITY  OF 
MEXICO,  VIA  JALAPA.  WITH  NOTES  ON  THE  BEST  METHODS 
OF  SURMOUNTING  HIGH  ELEVATIONS  BY  RAIL. 

[Read  by  the  author  at  the  Annual  Convention  of  the  American  Society  of  Civil  Engfi- 
neers,  July  3,  1886.     See  Trans.  Am.  Soc.  C.  E.,  Nov.  1886.] 

The  line  described  in  this  paper,  and  illustrated  in  the  accompanying 
maps  and  profiles,  is  one  located  by  the  writer,  as  consulting  and  after- 
ward chief  engineer,  from  the  Port  of  Vera  Cruz  to  the  city  of  Mexico, 
via  the  city  of  Jalapa,  being  a  parallel  line  to  the  existing  Mexican  Rail- 
way— the  first  railway  built  in  Mexico — in  the  sense  of  connecting  the 
same  termini,  although  following  a  very  different  route  and  of  a  very 
different  character. 

All  the  features  of  interest  and  of  difficulty,  both  in  the  line  here  de- 
scribed and  in  the  line  of  the  Mexican  Railway,  are  confined  to  the 
mountain  grade  by  which  the  necessary  abrupt  ascent  from  the  level  of 
the  sea  to  the  level  of  the  plateau,  8000  feet  above  the  sea,  is  accom- 
plished. Once  on  the  plateau  there  is  no  great  difiliculty  in  going  almost 
anywhere  with  very  light  work ;  many  high  mountains  being  scattered 
around,  even  on  the  plateau,  but  disconnected,  with  flat  lands  between. 

The  elements  which  appear  to  make  the  mountain  grade  of  this  line 
particularly  worthy  of  description  are  these  : 

First.  It  is  believed  to  be  by  far  the  longest  continuous  grade-line 
ever  located;  116.9  kilometres  (72.64  miles)  having  been  located  on  an 
unbroken  2  per  cent  grade  (105.6  feet  per  mile),  rising  in  that  distance 
from  elevation  600  4  feet  (183  metres)  to  elevation  7923.3  feet  above  the 
sea  (241 5  metres).  The  accompanying  plate  (Fig.  232)  shows  graphically 
the  extent  of  the  contrast  in  this  respect  with  some  of  the  other  great 
inclines  of  the  world. 

Secondly.  It  is  believed  to  be  on  the  lowest  rate  of  grade,  by  about 
2  per  cent,  ever  successfully  attempted  for  accomplishing  within  a 
limited  distance,  either  by  a  continuous  grade-line  or  otherwise,  a  rise 
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of  over  one  half  as  much  as  was  attained  on  this  line.     The  grounds  for 
this  belief  also  are  shown  in  the  accompanying  plate  (Fig.  232). 

Thirdly,  The  line  is  believed  to  be,  by  probably  one  half  at  least, 
the  cheapest  line  per  mile  which  has  ever  been  actually  located,  with 
equally  favorable  alignment,  for  attaining  within  a  limited  distance  as 
much  as  one  half  the  rise  actually  attained  by  this  line,  either  by  con- 
tinuous or  broken  grade-lines,  on  any  rate  of  grade.  As  for  this.  Table 
190,  Figs.  309  and  310,  and  the  general  knowledge  of  engineers  are  tlie 
only  evidence  that  can  conveniently  be  appealed  to,  or  which  it  is  worth 
while  to  attempt  to  present. 

Finally,  It  appeared  that  the  manner  in  which  the  line  was  obtained 
might  have  a  certain  instruction  and  encouragement  to  those  who  may 
be  dismayed,  as  was  the  writer,  by  having  similar  problems  of  unusual 
difficulty  suddenly  thrust  upon  them,  and  it  was  also  desired  to  give,  in 
connection  with  the  description  of  the  line,  certain  conclusions  which 
the  observation  and  experience  of  the  writer  has  indicated — not  only  on 
this  incline,  but  on  eight  or  ten  others  of  considerable  rise,  which  have 
been  located  or  relocated  in  part  or  whole  under  his  supervision,  aggre- 
gating over  24,000  vertical  feet — in  regard  to  the  most  advantageous  and 
economical  manner  of  dealing  with  great  inclines,  under  which  may  be 
classed  anything  exceeding  1200  to  1500  feet  of  vertical  rise. 

It  is  one  of  the  unfortunate  features  of  the  department  of  engineering^ 
to  which  this  paper  refers — that  of  laying  out  railway  lines  to  the  best 
economic  advantage — ^that  a  mere  description  of  a  located  line  has 
usually  little  technical  interest  or  instruction,  since  it  is  ordinarily  im- 
possible to  so  carefully  describe  any  line  on  paper  as  to  enable  even  an 
intelligent  impression  to  be  formed  as  to  the  real  character  of  the  work. 
If  the  grades  and  work  be  light,  it  may  be  because  the  line  was  well  laid 
out,  or  it  may  be  simply  because  there  were  no  serious  natural  obstacles 
in  the  way.  On  the  other  hand,  if  the  grades  and  work  be  heavy,  it  may 
be  due  to  bad  engineering,  and  so  discreditable ;  or  it  may  be  due  to  the 
existence  of  gigantic  difficulties,  and  so  an  evidence  of  skill.  It  is  but 
natural,  however,  that  the  magnitude  of  the  natural  difficulties  to  be 
overcome  should  in  general  be  regarded  as  bearing  some  nearly  constant 
ratio  to  the  magnitude  of  the  works  constructed  to  overcome  them  ;  and 
hence,  that,  even  when  the  construction  of  a  very  costly  line  may  have 
been,  as  a  matter  of  fact,  an  avoidable  extravagance,  due  to  lack  of  skill 
or  foresight,  the  very  magnitude  of  the  works  gives  more  instead  of  less 
reputation  to  the  line  as  an  engineering  work. 

Only  in  the  comparatively  rare  cases  when  two  independent  alternate 
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lines  exist  between  the  same  termini,  is  it  possible  for  the  engineer  to 
find  in  printed  descriptions  of  located  lines,  however  perfectly  mapped, 
any  rational  basis  for  intelligent  judgment.  The  present  happens  to  be 
one  of  the  cases  in  which  this  is  possible,  owing  to  the  existence  of  the 
parallel  line  before  mentioned,  but  in  order  to  avail  of  it,  it  becomes 
necessary  to  enter  somewhat  into  what  would  otherwise  be  an  invidious 
— because  unnecessary — comparison  with  the  parallel  and  previously 
constructed  line.  The  writer  feels  the  less  embarrassed  in  doing  this, 
as.  owing  to  the  checkered  history  of  the  line,  no  one  engineer  can  be 
held  responsible  for  its  character,  and  there  were  certain  circumstances 
tending  to  impede  entire  freedom  of  choice  and  proper  investigation. 

The  whole  interior  of  Mexico  is  a  vast  plateau,  at  an  elevation  of  5000 
to  9000  feet  above  the  sea,  bounded  by  an  abrupt  escarpment  from  which 
the  descent  to  sea-level  is  almost  immediate.  The  edge  of  the  plateau  is 
higher  and  sharper  on  the  Atlantic  than  on  the  Pacific  Coast,  and  at  no 
point  on  either  the  Atlantic  or  Gulf  Coast  is  it  higher  or  sharper  than 
directly  in  line  between  the  capital  of  the  country,  Mexico,  and  its  chief 
port.  Vera  Cruz.  Here  two  stupendous  natural  obstacles,  the  Pico  of 
Orizaba  on  the  south  (17,873  feet  high),  and  the  Cofre,  or  "  Box,"  of 
Perote  (12,500  feet  high),  both  of  them  described  in  physical  geographies 
as  volcanoes,  although  both  are  temporarily  extinct,  and  the  two  con- 
nected by  a  ridge  over  10,000  feet  high  at  its  lowest  saddle — combine  to 
forbid  a  direct  line  inward. 

Orizaba  is  one  of  the  three  mountains  in  Mexico  covered  with  per- 
petual snow,  the  other  two  being  Popocatepetl  (17,884  feet),  and  Ixtac- 
cihuatl  (15,705  feet),  overlooking  the  valley  of  Mexico.  These,  however 
start  from  a  plain  8000  feet  high,  whereas  Orizaba  starts  practically  from 
sea-level  on  the  coast  side,  making  it  in  that  sense  by  much  the  highest 
mountain  on  the  North  American  Continent,*  and  among  the  highest  in 
the  world.  Its  snow-clad  peak  is  visible  60  miles  out  at  sea,  long  before 
there  is  any  other  evidence  of  land,  and  with  the  morning  sun  shining  on 
it  is  a  very  striking  sight.  Its  last  violent  eruption  was  in  1546,  soon 
after  the  Spanish  conquest,  although  it  now  occasionally  throws  out 
smoke.  Only  one  or  two  men  have  ever  ascended  to  its  crater,  the  first 
one  having  been  Lieutenant  Reynolds,  U.S.A.,  in  1848.  The  line  of  the 
Mexican  Railway  passes  to  the  south  of  this  mountain,  as  shown  in  Fig. 
308. 

*  Mount  St.  Elias,  in  Alaska,  in  a  possible  exception,  being  only  about  30 
miles  inland,  and  its  height  variously  given  as  14,970,  16,900,  17,850,  •'over 
18,000"  (U.  S.  Census  Report),  and  19,500. 
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The  Cofre.  or  "  Box,*'  of  Perotc  (so  named  from  a  cylindrical  basaltic 
needle  about  300  feet  in  diameter  and  300  feet  high  which  caps  the 
mountain,  like  a  box  laid  on  its  peak),  although  formerly  one  of  the  most 
active  volcanoes  in  the  world,  and  classed  as  still  active,  is  perhaps  per- 
manently extinct,  its  last,  and  probably  also  its  greatest,  eruption  having 
been  to  form  what  looks  to  be,  and  is  in  fact,  a  frozen  river  of  lava,  shown 
in  Fig.  309,  extending  to  and  running  into  the  sea  50  miles  distant,  filling 
up  an  enormous  barranca  or  deep  gulch  in  the  process,  in  a  manner 
which  was  very  convenient  for  subsequently  carrying  the  line  over  it,  as 
may  be  seen  in  Fig.  309.  The  natural  variations  in  the  width  of  this 
gulch  have  caused  lakes  and  frozen  "  water-falls"  of  lava,  which  makes 
it  difficult  to  believe,  as  one  looks  up  the  slope  upon  it  from  some  com- 
manding point,  that  the  mass  is  not  still  flowing,  making  it  a  unique  and 
impressive  bit  of  natural  scenery.  Vessels  have  been  frequently  wrecked 
in  the  toe  of  this  flow  where  it  enters  the  sea.  It  has  still  hardly  any 
deposit  of  sand,  soil,  or  vegetation  on  it,  that  and  other  facts  evidencing 
that  the  flow  is  geologically  very  recent,  not  antedating  much  the 
historic  era. 

Around  the  north  side  of  this  mountain,  and  directly  over  this  lava 
flow,  the  line  here  described  passes,  as  shown  in  Figs.  308  and  309,  being 
about  sixty  miles  north  of  the  Mexican  Railway  line  at  its  greatest  diver- 
gence, the  two  beginning  to  come  together  again  very  soon  thereafter. 
The  summit  of  Perote  is  just  below  the  limit  of  vegetation  and  of 
perpetual  snow,  and  it  is  very  easily  ascended  on  horseback  to  the  foot 
of  the  "  cofre,"  or  box,  that  fact  alone  being  an  evidence  to  the  engineer 
of  how  different  the  topography  of  its  slopes  must  be  from  those 'of  its 
southerly  companion.  Evidences  abound  of  tremendous  flows  of  lava  in 
remote  geologic  times,  which  are  now  covered  to  a  considerable  depth 
with  soil,  and  in  the  kind  of  pocket  formed  between  the  foot-hills  of  the 
two  great  mountains,  in  which  lie  Jalapa  and  Coatepec,  the  detritus  of 
ages  has  accumulated,  including  probably  great  amounts  of  volcanic  ash, 
so  that  no  rock  exists  over  large  areas,  as  was  afterwards  discovered,  ex- 
cept in  isolated  points. 

Cortez  followed  this  route  on  his  first  invasion,  as  did  General  Scott 
328  years  later ;  but  from  an  early  date  after  the  conquest  of  Cortez  two 
leading  routes  have  existed  between  the  interior  and  Vera  Cruz,  follow- 
ing substantially  the  two  railway  lines  here  described,  one  through  Jalapa, 
rounding  Perote  to  the  north,  and  the  other  lua  Orizaba,  rounding  the 
mountain  of  that  name  to  the  south.  The  northerly  line  was  first  con- 
structed, and  over  it,  for  300  years  (between  1521  and  1812-20)  passed 
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vast  sums  of  silver  and  gold,  practically  the  entire  product  of  the  Mexican 
mines,  amounting  in  the  aggregate  to  $3,000,000,000,  or  nearly  half  of 
the  value  of  silver  in  the  whole  world,  which  in  1876  was  estimated  at 
$7,232,071,674,  exclusive  of  what  existed  before  1520,  which  was  rela- 
tively little.  During  all  this  time  the  southerly  route  was  an  insignifi- 
cant trail,  but  early  in  this  century  the  southerly  route  took  prommence, 
and  the  Jalapa  camino  real,  or  "  King's  highway"  (as  the  leading  roads 
are  still  called  in  republican  Mexico),  was  suffered  to  fall  into  decay.  It 
had  originally  been  paved,  guttered,  and  curbed  for  the  entire  distance 
from  Jalapa  to  Vera  Cruz,  some  73  miles,  and  from  Jalapa  up  the  moun- 
tain a  fine  macadamized  road,  likewise  curbed  and  guttered,  existed,  and 
still  exists  in  fix\t,  order,  having  been  recently  repaired.* 

Witiiin  fifteen  or  twenty  years  after  the  abandonment  of  the  north- 
erly highway,  as  early  as  1837,  the  movement  for  a  railway  between  Vera 
Cruz  and  Mexico  was  begun  by  Don  Francisco  Arrillaga,  and  very  nat- 
urally, but  very  unfortunately,  the  route  which  had  by  that  time  become 
the  only  one  generally  known,  assumed  a  prominence  which  it  held  to 
the  end.  The  very  facts  which  made  it  best  suited  for  a  highway,  that  a 
very  comfortable  valley  rap  directly  up  into  the  bowels  of  the  mountains, 
from  which  the  ascent  was  abrupt  and  sharp  to  the  plains  above,  made  it 
unsuited  for  a  railway  line,  but  this  could  hardly  be  appreciated  at  that 
early  day. 

By  1854  the  construction  of  a  tramway  from  Vera  Cruz  had  been  be- 
gun, Don  Antonio  Escandon,  a  wealthy  Mexican  banker,  who  was  chiefly 
instrumental  in  pushing  the  project  through  to  completion,  having  then 
taken  hold  of  the  enterprise.  Don  Antonio  had  a  large  estate  near  Ori- 
zaba, and  his  property  interests  may  well  have  somewhat  influenced  the 
final  decison.  However  this  may  be,  in  1857,  Colonel  Andrew  H.  Tal- 
cott,  an  American  engineer,  arrived  with  a  staff  of  assistants,  the  only 
member  of  which  now  living,  the  writer  believes,  is  Mr.  S.  Wimmer,  M. 
Am.  Soc.  C.  E.,  then  a  very  young  man,  after  whom  one  of  the  leading 
bridges  of  the  line  was  subsequently  named.  According  to  one  of  the 
published  histories  of  the  road,  all  these  engineers  confined  their  labors 
to  the  Orizaba  line,  that  via  Jalapa  being  mtrusted  to  a  Mexican  engi- 

*  On  the  lower  part  of  this  highway  a  splendid  stone  bridge,  the  Puente 
Real,  or  as  now  described,  the  Puente  Nacional,  which  has  been  not  unreason- 
ably claimed  to  be  "  worthy  of  the  best  days  of  Rome,"  still  exists  in  perfect 
order,  and  as  showing  the  fine  quality  of  the  Mexican  lime,  the  joints  are  con- 
siderably harder  than  the  stone  itself  (which  is  durable  but  rather  soft),  and  are 
worn  less. 
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neer,  Don  Pascual  Almazon.  According  to  other  accounts,  a  commis- 
sion of  engineers  examined  both  lines.  If  the  first  was  the  case,  it  is  less 
surprising  that  "  on  comparing  the  separate  surveys,'*  as  the  history  of 
the  road  states,  that  by  Orizaba  was  finally  adopted,  on  the  grounds,  first, 
that  there  was  more  traffic  to  be  secured  on  it  (which  is  rather  more 
than  doubtful,  although  the  local  traffic  at  best  is  an  insignificant  ele- 
ment), and  secondly,  that  *'  notwithstanding  it  requires  great  and  costly 
works,  the  line  presents  greater  facilities  than  that  by  Jalapa,  where  the 
Uirger  number  of  ravines  and  the  harder  nature  of  the  soil  would  have  re^ 
quired  much  heavier  outlay"  A  greater  mistake  than  is  contained  in  the 
italicized  part  of  the  quotation  could  not  well  be. 

Colonel  Talcotts  estimate  of  the  line  was  $15,000,000,  but  nothing 
more  was  done  than  to  build  about  ten  miles  of  surface  line  out  of  Vera 
Cruz,  until  August.  1864,  when  the  military  necessities  of  the  Emperor 
Maximilian  led  to  a  real  beginning  and  prompt  pushing  of  the  work 
under  English  engineers,  and  by  an  English  company,  which  still  con- 
trols it.  Beyond  a  statement  that  the  resumption  was  "after  rectifying 
the  plans  of  Colonel  Talcott,"  the  official  history  contains  no  record  of 
the  second  examination  of  the  whole  question  of  route,  which  was  in 
fact  made,  although  how  thoroughly  the  writer  cannot  state. 

By  1867  the  line  was  opened  from  Vera  Cruz  to  Paso  del  Macho,  47} 
miles,  and  from  Mexico  to  Apizaco,  86^  miles,  the  rails  for  the  latter 
being  hauled  by  wagons  an  average  of  200  miles  inland,  at  enormous 
cost — a  hard  condition  imposed  by  the  Mexican  Government.  A  third 
change  of  engineers  took  place  about  this  time,  while  the  heavier  parts 
of  the  work  were  still  unexecuted.  In  1868,  the  Puebla  branch,  29  miles, 
was  opened,  the  rails  for  it  having  been  hauled  in  the  same  manner.  In 
1870  the  line  was  opened  to  Atoyac,  54  miles  from  Vera  Cruz;  in  1871  to 
Fortin ;  in  1872  to  Orizaba,  and  on  the  last  day  of  that  year  the  entire 
line  was  opened  with  great  ceremony. 

Shortly  thereafter,  in  1874,  Don  Ramon  Zangronez,  of  Vera  Crux, 
succeeded  in  getting  a  branch  line  to  Jalapa  well  under  way.  and  In 
having  it  assumed  by  the  Mexican  Railway,  which  completed  it,  as  shown 
in  Fig.  308,  in  May,  1875.  It  is  operated  solely  by  animal  power,  being 
probably  by  far  the  longest  horse  railway  in  the  world.  Its  grades  arc 
very  severe  (10  per  cent),  and  its  curves  of  ordinary  horse-car  radii. 
It  is  laid  for  a  great  part  of  its  length  along  the  old  camind  real, 
and  exhibits  th)e  same  trait  as  the  main  line  of  the  Mexican  Railway  to 
the  foot  of  the  mountains— rthat  is,  it  runs  obliquely  across  the  drainage 
lines,  thus  materially  increasing  the  difficulties  of  both  lines,  but  making 
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the  Jalapa  line  absolutely  impracticable  for  an  ordinary  railway,  even 
with  gigantic  work.  It  was  probably  some  such  erroneous  treatment  of 
the  lower  part  of  the  descent  which  led  to  the  condemnation  of  the  route, 
as  it  seems  impossible  that  an  ascent  from  Jalapa  on  a  4  per  cent  grade 
could  have  been  deemed  as  serious  as  that  from  Orizaba  on  the  adopted 
line. 

The  main  line  thus  constructed  is  still  one  of  the  most  massive  and 
costly  in  the  world.  Its  cost  was  abnormally  increased  by  two  causes: 
First,  the  political  condition  of  the  country,  which  was  so  much  disturbed 
that  it  no  doubt  added  much  to  the  cost ;  and  secondly,  the  absurd  re- 
quirement that  construction,  including  track-laying,  should  begin  from 
both  ends  at  once,  necessitating  the  enormous  expense  referred  to  for 
hauling  rails  over  execrable  roads  from  Vera  Cruz  to  Mexico  and  Puebla. 
In  all  some  1 5,000  tons  of  rails  were  thus  hauled,  at  a  cost,  the  writer 
believes,  of  some  $80  per  ton,  amounting  to  some  $1,200,000  in  all.  On 
the  other  hand,  there  was  little  direct  inflation  of  the  capital  account, 
most  of  the  share  capital  representing  actual  money  paid  in.  The  gross 
nominal  cost  of  the  line  was,  as  nearly  as  may  be,  $40,000,000.  Reducing 
this  by  one  half,  we  shall  make  an  ample  allowance  for  the  effect  gi  all 
abnormal  causes  tending  to  increase  cost  of  line,  and  for  the  cost  of  the 
Jalapa  horse  railway  and  the  small  amount  of  rolling-stock  (6$  engines, 
810  cars),  leaving  $20,000,000  to  represent  the  actual  cost  of  264  miles 
of  main  line  and  29  miles  of  branch.  Of  this  the  section  between  Paso 
del  Macho  and  Boca  del  Monte  alone,  some  60  miles,  is  in  any  sense 
difficult  or  costly  work.  The  remaining  223  miles  is  light  work,  with  i^ 
per  cent  grades,  which  latter  are  quite  unnecessaiily  high. 

On  this  basis  we  may  distribute  the  actual  cost  (taken  at  half  the 
nominal)  about  as  follows  : 

223  miles  light  work,  at  $40,000  per  mile $8,920,000 

60  miles  very  heavy  work,  at  $184,667  per  mile 1 1,080,000 

283  miles  in  all,  at  $70,670  per  mile $20,000,000 

Both  the  grades  and  curves  on  this  line  are  very  severe.  Only  10  miles 
out  of  Vera  Cruz  1.5  per  cent  grades  begin,  which  shortly  thereafter 
are  increased  to  2  per  cent,  2.5,  3,  and  at  last  to  4  per  cent,  which  latter 
is  entirely  unbroken  for  the  last  13  miles  of  rise,  and  used  also  at  several 
other  points  on  the  ascent.  Curves  as  sharp  as  325  to  350  feet  radius 
(16  degrees  30  minutes  and  17  degrees  40  minutes)  are  used,  and  six  or 
eight  reversed  curves  of  these  radii  often  succeeding  each  other  without 
«ny  tangent  between  them,  and  without  any  grade  compensation,  making 
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the  virtual  gradient  fully  6  per  cent.  Fairlie  engines  are  used  to  operate 
this  grade  between  the  summit  at  Boca  del  Monte  (107  miles  from  Vera 
Cruz)  and  Cordova.  The  remaming  157  miles  to  the  city  of  Mexico,  as 
well  as  the  lower  and  easier  part  of  the  mountain  grade  (which,  however, 
has  2\  to  3  per  cent  grades,  mcreascd  by  unreduced  curvature),  is 
operated  by  American  engines.  Very  naturally  both  the  freight  rates 
and  the  expenses  are  fabulously  high,  receipts  ranging  from  10  to  12 
cents  per  ton-mile  and  as  high  as  $8  per  train-mile,  expenses  being  from 
50  to  60  per  cent  of  receipts.  To  show  how  radically  the  cost  and 
revenue  from  the  operation  of  this  line  differs  from  anything  with  which 
we  are  familiar,  it  was  calculated  in  1883  that  with  the  Mexican  rates  the 
New  York  Central  would  earn  $27.25  and  the  Erie  $28.50  per  freight 
train- mile,  and  their  total  freight  earnings  would  have  been  in  one  year 
$297,02 5,0(X>  and  $244,300,000  respectively— $168,000,000  more  than  the 
Central's  whole  capital  account,  and  $93,000,000  more  than  the  Erie's. 

There  are  fourteen  tunnels  in  all  on  the  line,  none  of  them,  however, 
very  long,  and  about  as  many  viaducts.  The  grading  is,  for  miles  to- 
gether, almost  wholly  rock,  and  the  work,  as  a  whole,  can  only  be  de- 
scribed as  Titanic,  so  that  it  is  small  matter  of  surprise  that  almost  every 
one  who  writes  about  the  line  describes  it  in  much  the  same  terms  as 
does  Mr.  George  William  Curtis  in  a  late  number  of  Harper  s  Magazine 
(February,  1886),  who  chances  to  be  the  last  writer  whose  remarks  in 
respect  to  it  have  come  to  the  writer's  knowledge. 

**  If  it  is  magnificent  scenery  that  you  seek,  here  at  hand,  with  no  inter- 
vening  ocean,  is  the  railway  from  Vera  Cruz,  260  miles,  to  the  city  of  Mexico 
— a  marvellous  feat  of  scientific  skill,  crossing  the  mountains  at  a  height  of  8500 
ft.,  and  bearing  you  through  every  climate,  amid  unimaginable  luxuriance  and 
brilliancy  of  vegetation,  changing  into  temperate  hues  of  hardier  growths,  with 
awful  mountain  abysses  between  and  snow-clad  peaks  beyond  against  the  deep 
blue  sky." 

The  line  located  by  the  writer  rises  to  almost  precisely  the  same 
height  of  summit  as  the  Mexican  Railway,  and  is  as  nearly  as  may  be  of 
the  same  length,  but  in  almost  every  other  detail  stands  in  broad  con- 
trast with  it,  thus : 

Grade. — Continuous  3  per  cent  (uncompensated)  against  a  broken  4  per  cent 
(uncompensated) ;  including  the  effect  of  curvature  or  of  compensation  there- 
for, 2.6  per  cent  against  6  per  cent. 

Curves. — Curves  of  289  ft.  radius  (19**  50')  connected  by  minimum  tangents 
of  40  metres  (131  ft.),  against  x6'  30'  to  17'  40'  curves  (325  to  350  ft.  radius)  con- 
nected by  no  tangents  at  all  for  many  successive  reversions.     The  writer  con- 
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siders  that  the  difficulty  and  expense  of  maintaining  these  two  limits  is  about 
equal,  but  that  the  latter  is  decidedly  the  most  objectionable. 

Amount  of  Curvature. — On  Mexican  Railway  143  curves  on  the  last 
20. 14  kilometres  of  the  ascent,  against  82  curves  on  the  upper  19  kilometres  of 
the  Jalapa  line,  shown  on  Figs.  309  and  310.  The  lower  portions  of  the  line  will 
be  seen  in  Fig.  309  to  have  much  more  favorable  alignment. 

The  number  of  curves  indicates,  what  is  the  fact,  ihat  there  is  hardly  any 
tangent  on  the  upper  portion  of  the  Mexican  Railway  grade,  whereas  on  the 
upper  third  of  the  line,  shown  on  Figs.  309  and  310,  41^  per  cent  of  the  line  is 
tangent  (the  average  tangent  being  96.3  metres  or  320  ft.),  and  on  the  whole  54 
kilometres  which  have  been  engraved  48  per  cent  of  the  line  is  tangent.  The 
comparative  degrees  of  curvature  cannot  be  given. 

Distance. — The  distance  between  Vera  Cruz  and  San  Marcos,  where  the 
two  lines  as  actually  surveyed  connect,  was  just  20  kilometres  (12^  miles)  longer 
via  the  Jalapa  line,  viz.,  262  against  242  kilometres.  Had  the  purpose  in  view 
been  the  same,  however,  merely  to  get  to  Mexico,  this  difference  might  have 
been  more  than  eliminated,  as  will  be  clear  from  the  dotted  line  above  San 
Marcos  on  Fig.  308. 

Gauge. — The  Jalapa  line  was  intended  to  be  laid  to  3  ft.  gauge,  correspond- 
ing to  the  gauge  of  the  Mexican  National  Railway,  whereas  the  Mexican  Rail- 
way was  4-ft.  8i-in.  gauge.  No  diflference  was  made  in  the  location,  however,  on 
account  of  the  gauge,  the  road-beds  having  been  taken  as  14  and  18  ft.,  slopes 
I  to  I  in  cuts  and  i^  to  I  in  fills,  and  rails  estimated  at  56  lbs.  The  ties  were 
<*stimated  at  $1  each,  only  7  ft.  long,  which  was  the  only  item  estimated  in  any 
way  lower  because  of  the  gauge. 

Cost. — In  Table  No.  i  (omitted)  is  given  an  abstract  of  the  large  estimate 
blank  prepared  from  the  careful  paper  location  of  the  entire  mountain  grade. 
Table  No.  2  is  an  abstract  closing  a  report  by  the  topographer,  giving  in  detail 
the  material  on  the  line,  from  which,  in  connection  with  Fig.  310,  its  very  favor- 
able character  will  be  seen.  From  these  and  the  maps  and  profiles  submitted, 
which  even  in  the  reduced  engravings  show  the  estimated  quantities  at  each 
point,  any  engineer  can  form  his  own  judgment  as  to  whether  the  estimate  in 
Table  No.  i  (omitted  to  save  space)  is  adequate.  The  writer's  belief  was,  and 
still  is,  that  it  is  entirely  adequate,  and  if  so  the  cost  of  the  entire  mountain 
grade,  with  30  per  cent  added  for  engineering  and  contingencies,  amounts  to 
less  than  $40  000  per  mile,  against  $184,677  per  mile  for  the  actual  cost  of  the 
mountain-gn'ade  of  the  Mexican  Railway,  or  in  the  ratio  of  I  to  4^.  A  ratio  of 
3  to  I  is  believed  to  be  the  very  lowest  which  could  be  claimed  to  correctly 
represent  the  relative  work.  Unfortunately  the  writer  was  never  able  to  obtain 
exact  figures  of  the  quantities  on  the  Mexican  Railway.  Therefore  he  is  re- 
luctant to  claim  more  than  is  certainly  just.* 

*The  general  route  of  both  lines  here  described  is  shown  in  Fig.  308.     In 
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Make  what  allowances  one  will,  there  is  a  great  contrast  in  these  two. 
lines,  and  it  therefore  becomes  of  interest  to  consider  how  this  latter  !!•%: 
was  obtained. 

In  March,  1881,  the  writer  was  engaged  by  the  Mexican  National  Railf. 
way  Company  to  act  as  engineer  in  charge  of  location  and  surveys  ontlM^ 
various  lines  for  which  they  had  concessions,  extending  from  the  citj  ofi 
Mexico  to  the  United  States  and  to  the  Pacific  coast.  On  landing  al^* 
Vera  Cruz,  with  a  large  staff,  under  orders  to  re(>ort  in  Mexico,  be  -wail 
surprised  at  the  receipt  of  a  letter  of  instruction  to  the  effect  that  a  corp^ 
were  engaged  in  examining  a  line  from  Vera  Cruz  to  Mexico  vi'a  Jalapo^/^ 
and  that  he  should  detach  another  corps  for  service  on  this  line,  sendiii|t^ 
forward  the  remaining  parties  by  rail ;  that  he  should  then  make  a  w(^ 
connaissance  "  sufficient  to  determine  the  general  possibilities  of  t^of, 
route,  taking  such  escort  as  might  seem  necessary ;"  set  the  new  and  old^ 
parties  at  work ;  and  not  delay  date  of  report  in  Mexico  *'  more  than  sb^\ 
days."  ': 

1L* 

Fig.  309  is  given  a  reduction  to  one-fifth  scale,  or  jjf^jfjf  (li  inches  per  mile,t 
within  I  per  cent),  of  the  large  topographical  map  on  a  scale  of  Yshn  ^  ^^i 
Dpper  54  of  the  117  kilometres  of  the  mountain  grade.  This  in  turn  was  re^r 
duced  from  the  original  field-sheets  on  the  large  scale  of  j^^  or  83!^  feet  per*^ 
inch,  which  the  difficult  character  of  the  work  made  necessary.  The  topaa-^ 
raphy  was  very  accurately  taken  by  a  skilled  topographer,  Mr.  Max  ChapmaiH,  ^ 
M.  Am.  Inst.  M.  E. 

In  Fig.  310  is  given  a  photographic  reduction  of  the  original  profile,  wbidi-^ 
was  called  off,  station  by  station,  in  the  usual  way  from  a  paper  location  on  tlit^ 
original  field- sheets,  and  estimated,  station  by  station,  from  tables,  with  alloiw-i 
ance  for  surface  slope,  which  often  more  than  doubled  the  level-section  quant! 
ties.  The  estimated  quantities  for  each  cut  and  fill  are  given  on  the  profile  afldf 
nature  of  material  indicated.  Retaining- walls  were  estimated  for  at  every  poiat  ^ 
where  a  fill  would  not  catch,  and  are  indicated  by  a  thick  line  on  the  profilt*  \, 
The  small  amount  of  masonry  is  due  to  the  almost  entire  absence  of  surtaa  1 
drainage  and  running  water,  as  elsewhere  noted.  "^ 

The  line,  profile,  and  estimate  here  shown  were  not  finalities,  but  prepaicd  ^ ' 
for  a  special  purpose.     Compensation  for  curvature  had  not  yet  been  introdnoed*  % 
It  was  fully  expected  to  do  still  better  at  points,  and  in  fact  the  location  shonn  t'  -j 
was  greatly  improved  in  the  upper  section  (9)  by  a  new  line,  run  just  before  tha^^ 
suspension  of  work  which  threw  the  line  back  from  the  ragged  cliff-work  near 
the  summit.     As  maps  and  profiles  of  this  improvement  cannot  be  giveo,  aft 
claim  in  respect  to  it  is  made,  but  only  for  what  had  been  actually  secured 
recorded  in  black  and  white. 
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To  one  landing  in  Mexico  entirely  ignorant  of  the  language  and  the 
country ;  provided  with  no  map  or  profile  of  the  existing  line,  and  know- 
ing nothing  more  of  its  character  than  the  general  fact  that  it  was  one  of 
the  heaviest  and  most  costly  railways  in  the  world;  unaware  that  its 
engineers  had  even  given  a  thought  to  a  route  via  Jalapa,  or  even  that 
there  was  such  a  place,  until  he  finally  learned  that  the  route  had  been 
examined  only  to  be  abandoned,  and  that  the  branch  which  had  been 
built  to  Jalapa,  at  the  foot  of  the  mountain  proper,  had  lo  per  cent  grades, 
and  was  practicable  only  by  horse-power;  unaccustomed  to  a  tropical 
climate  and  to  the  saddle ;  provided  with  no  map  of  the  region  better  or 
much  larger  than  Fig.  308  which  accompanies  this  paper;  and  innocent 
of  all  knowledge  as  to  how  large  an  escort  would  insure  safety,  if  indeed 
any  could — these  were  sufficiently  formidable  instructions,  and  could 
never  have  been  successfully  carried  out,  as  fortunately  they  were  to  the 
letter  (barring  two  days'  delay  from  an  unseasonable  rain),  had  recon- 
noitring sucii  lines  been  in  fact  so  entirely  lawless  a  matter  that  there 
was  nothing  for  it  but  to  look  over  the  whole  country  and  then  decide 
what  to  do,  or  at  least  to  try  for. 

The  line  which  was  found  to  be  under  examination  is  indicated  by 
dotted  lines  on  the  general  map  herewith,  and  was  at  once  rejected  as  im- 
practicable and  absurd.  It  ran  from  the  coast  north-easterly  to  Jalapa,45oo 
ft.;  then  descended  southerly,  850  ft.  in  about  10  miles,  to  an  elevation  of 
about  3650  ft.  at  Coatepec  ;  then  was  expected  to  ascend  somehow,  some 
7000  ft.  to  the  "  pass"  between  the  volcanoes  of  Orizaba  and  Perote,  at  an 
unknown  elevation,  estimated  at  10,700  ft.  in  an  air-line  distance  of  some 
1 5  miles ;  and  then  to  descend  some  2000  or  3000  ft.  on  the  back  slope  oi 
the  mountain,  to  the  general  level  of  the  plateau.  Very  naturally  the 
best  grades  which  it  was  even  hoped  to  obtain  were  those  of  the  Mexican 
Railway,  or  4  per  cent  uncompensated. 

It  was  at  once  clear  that  either  something  considerably  better  than 
this  must  be  obtained,  or  the  line  should  be  reported  as  impracticable  and 
the  whole  staff  withdrawn.  And  it  seemed  equally  clear  to  the  writer  that 
either  a  considerably  better  gradient  than  on  the  existing  line  must  be 
obtained,  and  lighter  work  as  well,  or  the  project  reported  as  unde- 
serving of  any  consideration  financially.  A  reasonable  hope  for  a  maxi- 
mum grade  of  not  over  2i  per  cent  at  most  was  therefore  fixed  upon  as 
the  highest  one  justifying  setting  parties  at  work  on  it,  and  hence  to  be 
considered  at  all ;  and  this,  to  make  the  project  a  meritorious  one,  re- 
quired that  2  per  cent  should  be  sought  for.  This  made  it  indispensable  to 
gain  considerable  development  for  the  ascent,  and  this  in  turn  made  it  out 
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of  the  question  to  ascend  between  the  two  volcanoes,  even  had  the  saddle 
between  them  been  cleft  down  to  the  level  of  the  main  plateau,  which 
was  known  not  to  be  the  case.  The  whole  problem ,  therefore,  turned 
upon  tlie  question  of  whether  or  not  it  would  be  possible  to  turn  north- 
ward at  Jalapa  (assuming  that  point  to  have  been  successfully  reached  by 
the  required  grade,  which  seemed  a  minor  question)  and  run  parallel 
with  the  coast  line  and  the  coast  range,  gradually  ascending  with  all 
possible  development,  and  turn  the  mountain  of  Perote  to  the  north. 

This  possibility  the  writer  was  satisfied  would  turn,  negatively  at  least* 
upon  the  simple  question  of  whether  or  not  there  was  some  kind  of  an 
established  highway  ascending  from  Jalapa  to  the  plateau,  following  in  a 
general  way  the  same  course,  and  turning  the  mountain  to  the  north. 
That  is  to  say,  the  existence  of  a  highway  would  not  prove  the  line  was 
practicable,  but  the  absence  of  it  would  go  far  to  prove  that  it  was  im- 
practicable. In  respect  to  highways,  the  writer  had  even  then  learned 
by  sad  experience,  and  had  repeated  occasions  in  the  next  three  years 
to  realize  still  more  fully,  that  the  route  of  a  highway  is  ordinarily  the 
worst  possible  guide  for  a  locating  engineer,  except  as  it  may  serve  the 
negative  purpose  of  a  danger  sign  to  warn  him  away.  He  now  recalls  no 
less  than  twenty-three  instances  on  the  lines  in  Mexico  under  his  charge 
where  the  existence  of  a  travelled  road  proved  merely  a  snare  to  deceive. 
Some  of  these  instances  were  of  a  very  curious  character  and  of  much 
technical  interest,  but  description  must  be  forborne. 

But  in  regions  of  real  difficulty,  where  the  elevations  to  be  surmounted 
become  serious  even  for  animal  power,  and  even  after  all  avoidable  rise 
and  fall  has  been  eliminated,  the  case  is  different.  The  writer's  experi- 
ence and  conviction  is  that  in  such  cases  the  aggregate  intelligence  of 
the  cows  and  the  natives  thereabout  may  safely  be  trusted  to  discoverand 
utilize  the  very  best  route  there  is  forsurmounting  the  elevation  with  the 
least  amount  of  work.  Even  what  would  be  regarded  in  Mexico  or 
Colorado  as  so  simple  a  problem  as  that  of  making  the  900  ft.  rise  over 
the  Allegheny  Mountains  in  Pennsylvania,  is  a  case  in  point.  The  pass 
above  Altoona  and  Hollidaysburg  was  discovered  and  utilized  in  the  very 
earliest  days  of  the  settlement  of  the  country,  and  four  generations  of 
engineers  on  four  successive  public  works  have  been  able  to  do  no  beti> 
ter. 

The  first  question  asked  by  the  writer,  therefore,  after  learning  the 
details  of  what  was  doing,  was  whether  there  was  a  travelled  highway 
turning  tlie  mountain  to  the  north,  the  map  before  him  not  extending 
far  enough  north  to  show  that  region  distinctly  at  all.     He  was  informed 
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at  once  that  there  was,  and  a  very  old  and  good  one.  Had  the  response 
been  otherwise,  he  should  have  regarded  the  result  of  the  reconnaissance 
as  practically  decided  then  and  there.  The  statement  was  coupled  with 
another,  however,  that  this  route  had  been  examined  by  the  engineers 
of  the  Mexican  Railway,  and  reported  far  less  practicable  than  the  line 
afterwards  adopted  and  built,  so  that  the  middle  line  described  was  under 
examination  as  the  only  hope  left. 

This  was  discouraging  enough;  but  on  further  learning  that  the  high- 
way had  been  for  three  centuries  preceding  the  railway  era  the  leading 
one  between  the  interior  and  the  coast ;  that  there  was  no  succeeding 
descent,  but  rather  a  gentle  rise  in  it  for  many  miles  after  the  mountain- 
grade  proper  was  surmounted  ;  that  the  summit  was  (this  afterwards 
proved  an  error)  several  hundred  feet  lower  than  that  of  the  Mexican 
Railway  ;  and  some  other  facts  which  seemed  hopeful, — there  appeared  to 
be  a  hgliting  chance,  which  was  at  least  the  only  chance  that  the  line 
might  be  developed  to  give  the  requisite  grade. 

The  more  immediate  question  became  then  to  make  the  ascent  of  4500 
ft.  to  Jalapa,  and  it  was  at  once  apparent  that  to  have  any  hope  of  doing 
this  on  such  favorable  grades  as  were  alone  worthy  of  consideration  under 
the  circumstances,  the  line  must  be  carried  down  to  as  low  an  elevation 
as  possible,  parallel  with  the  coast  and  the  mountain  slope,  by  running 
^outh  from  Jalapa  toward  Coatepec  before  beginning  to  lose  distance  by 
turning  eastward  to  the  sea.  It  appeared  probable  that  the  850  ft.  of  fall 
between  these  two  points,  as  to  which  some  definite  knowledge  was 
available,  could  not  be  made  on  a  steeper  grade  than  2  per  cent,  and  it 
was  this  fortunate  fact  (as  it  proved)  which  first  led  to  conducting  the 
reconnaissance  from  the  beginning  on  the  fighting  chance  of  obtaining  a 
2  per  cent  grade. 

It  was  now  determined,  therefore,  that  the  line,  if  there  was  to  be 
any,  must  pass  from  Vera  Cruz  to  Coatepec,  and  thence  to  Jalapa,  instead 
of  to  Jalapa  direct.  Coatepec  lies  at  the  head  of  a  river  of  considerable 
size,  the  Rio  Antigua,  which  runs  from  it  directly  east  to  the  coast;  and 
the  map  and  known  elevation  of  the  town  made  it  at  once  clear  that  there 
was  no  physical  impossibility  in  descending  this  valley  directly  on  a  2j 
per  cent  grade,  or  perhaps  less,  if  the  valley  had  a  tolerably  uniform  de- 
scent. It  needed  but  the  most  moderate  knowledge  of  the  general  laws 
of  topography,  however,  to  make  it  practically  certain  that  no  even 
approximately  uniform  descent  could  be  hoped  for  in  a  river  flowing  in  a 
deep  gorge,  cut  through  what  was  practically  only  a  narrow  footing  to 
the  most  tremendous  mountain  slope  on  this  continent.    The  foot-hills 
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of  a  slope  which  reached  a  height  of  1 7,873  ft.  and  started  practically 
from  the  level  of  the  sea,  was  certain  to  have,  like  all  such  slopes,  a  de- 
cidedly concave  profile. 

Nothing  less  than  5  per  cent  could  be  rationally  hoped  for  in  follow- 
ing the  bed  or  immediate  slojjes  of  the  valley,  and  it  therefore  became 
quite  certain  that  the  line  descending  from  Coatepec  must  start  from  the 
lowest  point  at  the  head- waters  of  the  Rio  Antigua  which  it  was  possible 
to  obtain,  but  speedily  rise  up  on  the  higher  slopes  of  the  valley  and  out 
of  the  influence  of  the  stream,  until  at  last — and  probably  within  a  short 
distance — it  would  rise  above  all  supporting  ground.  No  resource  would 
then  remain  but  to  turn  across  northwardly,  at  some  favorable  point  on 
the  dividing  ridge,  into  the  valley  of  the  next  river  to  the  north,  the  Rio 
Chachalacas,  with  the  view  of  gaining  only  such  limited  development  as 
might  be  necessary  to  catch  upon  some  high  point  on  what  were  known 
to  be  the  gentle  slopes  of  the  lower  valley  of  that  river,  from  which  the 
line  could  descend  eastwardly  on  the  required  grade  to  sea-level  at  a 
point  as  near  to  the  coast  as  possible.  The  only  fear  in  this  process,  be- 
sides the  danger  of  heavy  work,  was  that  it  might  be  unavoidable  to  make 
a  long  horseshoe  development  up  the  valley  of  the  Chachalacas»  bring- 
ing the  foot  of  the  grade  far  inland  from  the  sea,  and  causing  just  so 
much  unnecessary  loss  of  distance  on  a  level  before  reaching  the  foot  of 
the  mountain  grade.  The  existence  of  these  two  parallel  and  deep- lying 
streams  made  it  certain  that  the  general  scheme  below  Coatepec  would 
be  practicable,  if  not  too  costly  ;  and  the  immense  depth  of  the  southerly 
valley,  which  varied  from  1000  to  2000  ft.,  together  with  the  absence  of 
all  supporting  ground  to  the  south  of  it,  made  it  certain  that  the  line 
could  at  no  point  turn  south  between  Coatepec  and  the  coast. 

Thus,  by  a  process  of  exclusion,  the  entire  line  was  projected  and 
sketched  upon  the  map,  with  most  dismal  apprehensions  of  the  charac- 
ter of  the  work  which  would  be  encountered,  but  with  absolute  confi- 
dence, expressed  at  the  time  to  the  gentlemen  who  accompanied  the 
writer  on  reconnaissance,  in  the  face  of  some  opposition,  that  if  this  line 
was  not  practicable,  there  was  nothing  in  the  region  which  was  suflS- 
ciently  defensible,  from  an  economic  point  of  view,  to  make  it  even  worth 
examination.  The  line  shown  on  the  general  map  (Fig.  308)  which  the 
writer  now  has  the  honor  to  lay  before  the  Society,  does  not  differ  by 
its  own  width  at  any  point  in  the  entire  ascent  of  nearly  8000  feet  to  the 
plateau  from  that  which  the  writer  thus  sketched  upon  the  map  in  the 
city  of  Vera  Cruz,  and  showed  to  several  gentlemen,  on  the  evening  of 
the  day  when   he  first  landed  in    Mexico ;  within  two  hours  after  first 
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learning  that  there  was  such  a  place  as  Jalapa,  or  that  there  was,  or  ever 
had  been,  such  a  project  as  an  ascent  to  the  plateau  through  that  region, 
and  with  the  elevation  of  only  two  points  on  the  line,  Jalapa  and  Coate- 
pec,  approximately  given.  Neither  does  the  line  on  Fig.  308  differ  by 
much  more  than  its  own  width  at  any  point  from  the  position  of  the  line 
as  finally  surveyed,  as  shown  on  the  detailed  maps  and  profiles  which  are 
herewith  laid  before  the  Society  complete,  the  more  difficult  upper  half 
of  the  mountain  grade  only  having  been  engraved  on  Figs.  309  and  310. 

The  writer  would  not  be  understood  to  assert  or  imply  that  equal 
positiveness  in  defining  in  advance  the  limitations  of  reconnaissance  is 
often  possible.  On  the  contrary,  he  has  never  known  another  instance 
just  like  it,  although  it  became  his  duty  later  to  consider  projects  for 
several  other  lines  of  a  similar  but  less  exacting  character.  But  the 
peculiar  conditions,  it  will  be  seen,  left  no  escape  at  any  point  from  the 
chain  of  reasoning.  Had  there  been  no  existing  parallel  line,  one  might 
have  justifiably  taken  the  region  for  better  for  worse,  and  borne  with 
equanimity  finding  it  a  great  deal  worse  than  he  took  it  for.  As  it  was, 
the  fighting  chance  for  a  low  grade  was  the  only  one  economically  worthy 
of  attention,  and  this  primary  fact  given,  the  conditions  left  no  escape 
at  any  point  from  the  train  of  reasoning  that  it  was  that  one  route  or 
nothing. 

The  next  morning  at  daybreak  the  reconnaissance  began,  and  was 
pushed  through  with  increasing  confidence  as  fast  as  the  animals 
could  stand  it,  or  at  the  rate  of  some  40  miles  per  day,  the  entire  ex- 
amination of  the  mountain  grade  occupying  three  days — such  haste 
being  merely  in  fulfilment  of  the  writer's  positive  instructions,  and  nat- 
urally against  his  inclination.  Less  time  was  required,  however,  be- 
cause the  only  real  purpose  of  the  reconnaissance  was  not  to  find  a  route, 
but  to  examine  on  the  ground  the  features  of  what  was  already  known 
to  be  the  only  route  affording  a  rational  chance  of  success.  The  first 
1500  feet  of  rise  was  seen  to  be  on  slopes  smooth  in  detail,  but  suffi- 
ciently steep  for  laying  down  a  surface  line  on  almost  any  grade,  and 
were  not  examined  critically.  The  dividing  ridge  was  then  followed  up, 
to  judge  of  what  was  really  the  only  critical  point  of  the  lower  descent 
(from  the  point  of  view  of  possibility  and  not  of  cost),  the  passage  from 
one  water-shed  to  the  other.  A  long  and  sharp  spur  ridge  running 
eastwardly  from  Coatepec  about  half  way  to  the  coast,  having  a  crest 
$000  or  6000  feet  high,  and  standing  at  right  angles  to  the  main  slope, 
was  found  to  define  the  point  where  this  passage  must  occur  pretty  defi- 
nitely, and  the  material  and  topography  was  seen,  with  much  relief,  to 
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be  favorable  for  making  this  passage  with  as  much  or  as  little  develop- 
ment as  might  be  necessary,  with  considerable  latitude  in. elevation  and 
easy  work.  The  south  slope  of  this  mountain,  where  the  line  would  lie. 
was  found  to  be  almost  impracticable  for  passage  on  horseback  without 
camp  equipage  and  time ;  but  observing  the  north  side  to  be  fairly  favor- 
able, and  takmg  it  to  be  very  unlikely  that,  in  a  ridge  of  this  character, 
the  topography  would  differ  widely  on  the  two  slopes,  it  was  passed  by 
with  a  confidence  that  the  result  fully  justified,  as  well  as  such  very  lim- 
ited information  as  was  available  at  the  time.  It  will  be  seen  from  the 
maps  and  profiles  of  this  section  (not  engraved)  that  on  the  surveys  now 
submitted,  a  few  of  the  most  costly  single  works  on  the  line  are  here,  and 
not  on  the  engraved  section  above  Jalapa,  which  was  really  the  critical 
section.  Tiiis,  however,  the  writer  is,  and  was  then,  satisfied  was  due 
chiefly  to  the  fact  that  the  lower  section,  not  being  a  source  of  much 
anxiety,  was  left  in  less  competent  hands.  In  part  it  was  radically  im- 
proved almost  at  the  conclusion  of  surveys,  and  the  writer  feels  no  doubt 
that  it  all  might  have  been  more  or  less,  although  he  makes  no  claim  in 
that  respect.  Owing  to  the  falling  away  of  the  country  to  the  south, 
before  referred  to,  and  the  existence  of  the  deep  barranca,  or  gorge,  in 
which  the  river  lay,  which  cut  down  almost  to  sea-level,  or  some  3000 
teet  below  the  line,  some  of  the  most  sublime  views  of  the  line  were  on 
this  section;  but  its  difficulty  was  not  in  proportion,  in  part  because  of 
the  very  fact  that  the  line  lay  so  high  as  to  be  above  the  immediate  influ- 
ence of  the  barranca.  The  material  on  all  this  section  was  exceedingly 
favorable. 

The  region  between  Coatepec  and  Jalapa  was  known  to  be  not  very 
rugged,  and  to  oppose  no  difficulty  as  to  elevation,  so  that  it  also  was 
passed  by  with  a  confidence  which  the  result  justified,  and  the  project 
was  complete  to  Jalapa,  as  a  basis  for  surveys,  with  a  reasonably  favor- 
able 2  per  cent  grade-line  all  but  assured. 

For  the  critical  section  above,  the  distance  by  highway  was  found  to 
be  almost  one  half  too  short,  and  all  hung  upon  the  possibilities  of  de- 
velopment. The  material  and  topography  on  the  lower  half  was  found 
to  be  favorable  for  this  purpose,  being  earth  to  a  great  depth,  as  noted, 
and  sufficiently  broken  up  by  ridges  and  hills.  A  long  stretch  at  about 
the  middle  of  the  slope,  near  the  village  of  San  Marcos,  was  of  an  equally 
favorable  character,  being  literally  an  inclined  plane  on  a  slope  of  about 
I  in  10, — an  old  lava  flow  overlaid  with  soil, — and  not  much  broken  up 
in  detail.  The  upper  section  was  ru^;ed,  but  short,  with  considerable 
opportunities  for  rather  expensive  development. 
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The  whole  of  this  region  was  examined  on  the  third  day  of  a  very 
heavy  rain-storm,  the  end  of  which  could  no  longer  be  waited  for,  and 
the  examination  was  necessarily  restricted  to  salient  features  only.  On 
a  long  grade-line  of  this  character,  however,  the  possibilities  of  develop- 
ing on  practicable  ground  to  reach  certain  elevations  at  certain  frac- 
tional portions  of  the  available  distance,  can  be  judged  of  with  some 
certainty,  the  general  character  of  the  slop)e  being  the  main  feature ;  and 
the  writer  felt  no  real  doubt  then,  or  at  any  later  time,  that  a  grade  in 
the  neighborhood  of  2  to  7.\  per  cent  was  easily  practicable,  there  being 
a  certain  considerable  belt  of  favorable  territory  on  which  to  place  it, 
although  above  and  below  that  the  topography  was  much  more  forbid- 
ding. A  leading  factor  in  reaching  this  apparently  hasty  conclusion 
was  the  splendid  and  ancient  highway  already  referred  to,  by  far  the 
best  in  Mexico,  if  not  on  this  continent.  It  is  a  broad  macadamized 
road  with  paved  gutters,  and  a  stone  curb  or  masonry  wall  at  the  side, 
and  the  writer  desires  to  pay  a  tribute  of  admiration  and  respect  to  the 
unknown  engineer,  whoever  he  was, — very  possibly  one  of  the  soldiers  of 
Cortez,  or  one  of  his  immediate  successors, — who  laid  it  out.  From  a 
point  near  Jalapa  to  the  summit,  near  Las  Vegas,  there  is  not  a  break  in 
the  steady  ascent,  and  there  are  few  points  on  it  where  a  fresh  team  of 
horses  would  not  readily  break  into  a  trot.  The  conclusion  was  natural, 
that  if  a  Spanish  soldier  in  1530  could  put  something  like  a  6  per  cent 
highway  down  that  mountain  slope,  an  American  engineer  in  1881  ought 
to  get  a  2  per  cent  railroad  line  down  it,  or  take  of!  his  hat  to  his  prede- 
cessor. 

After  reaching  the  summit,  the  continuation  of  the  line  to  Mexico, 
or  any  other  point  on  the  plateau,  was  a  detail  offering  no  difficulties 
and  needing  no  immediate  study.  The  line  was  therefore  reported 
on  in  writing  to  Mr.  W.  C.  Wetherill,  chief  engineer,  three  days  later 
(March  28),  as  follows  : 

"  The  line  under  examination  was  too  forbidding  to  be  worth  further  at- 
tention. ...  I  feel  no  doubt  that  the  proper  place  for  the  line  is  to  the  north 
of  Perote,  and  that  something  like  a  2|  per  cent  grade,  or  possibly  a  2  per  cent 
grade,  is  practicable  above  Jalapa.  Whatever  grade  is  there  obtained  can  cer- 
tainly be  continued  down  to  sea-level  and  slope  without  excessive  work.  I 
dave  instructed  surveys  to  be  conducted  above  and  below  Jalapa  on  a  2  pet 
fent  basis  for  the  present,  and  consider  the  prospects  for  a  fairly  favorable  line 
good." 

It  should  be  mentioned  further,  that  the  writer's  examination  had 
been  merely  in  a  consulting  capacity  (the  line  not  being  formally  a  part 
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of  the  Mexican  National  projects),  and  for  some  months  later  he  had  no 
permanent  connection  with  or  knowledge  of  the  progress  of  the  work. 
being  absent  on  the  Pacific  slope.  On  being  again  asked  to  examine 
the  line,  August  ist,  1881,  he  found  that  his  conclusions  had  been  re* 
ported  on  as  impracticable,  and  that  a  3  per  cent  compensated  grade  bad 
been  adopted,  located  in  part,  and  was  under  construction.*  Fortu- 
nately, however,  a  most  intelligent  assistant  engineer,  of  great  natural 
capacity  for  location,  Mr.  John  S.  Elliott,  was  in  charge  of  the  upper 
locating  party.  To  his  admirable  conduct  of  surveys  the  success  of  this 
line  was  very  largely  due.  Aided  by  information  he  had  acquired,  it 
was  soon  discovered  that  the  abandonment  of  the  2  per  cent  grade  had 
been  an  over-hasty  conclusion,  from  data  which  in  fact  assured  its  suc- 
cess. The  work  in  progress  was  therefore  stopped  by  the  writer's  advice; 
some  $30,000  of  completed  work  abandoned,  chiefly  in  the  approaches 
to  a  costly  tunnel  in  earth ;  and  the  writer  appointed  chief  engineer,  con- 
tinuing in  charge  until  some  time  after  the  completion  of  the  surveys 
now  laid  before  the  Society,  when  the  abandonment  of  all  furtherance  of 
the  project  by  the  Mexican  National  Railway  compelled  his  resignation, 
and  shortly  afterward  led  to  the  stoppage  of  all  work.  But  for  the  fact 
that  he  was  favored  with  an  unusually  competent  assistant  in  immediate 
charge  of  surveys  on  the  more  difficult  section,  the  writer  fears  that  he 
should  never  have  been  able  to  carry  through  the  line  with  the  limited 
time  at  his  command. 

Two  features  on  the  upper  ascent  are  worthy  of  special  note :  One,  the 
great  lava  flow  shown  in  Fig.  309.  and  before  referred  to;  and  the  other, 
a  still  grander  feature,  the  barranca  of  Zimilahuacan.  a  vast  sink-hole  in 
the  earth  some  2  or  3  miles  in  diameter,  and  some  3000  feet  deep  by  the 
barometer,  about  half  of  it  sheer,  with  no  transition  or  **  ragged  edge" 
whatever  from  the  surrounding  surface  of  the  plateau,  which  was  as 
smooth  and  treeless  as  an  Illinois  rolling  prairie,  but  sloping  about  I  fai 
12  or  1 5  in  the  chasm.  This  feature  was  encountered  some  miles  beyond, 
where  all  difficulties  had  ceased  at  the  summit:  and  so  smooth  was  tht 
edge  that  the  !ine  skirted  it  with  a  mere  surface  line,  so  near  to  it  that 
a  stone  thrown  from  the  car-window  would  fall  sheer  full  1000  feet  before 
touching.  On  the  plateau  the  locality  was  so  cold  and  so  much  exposed 
that  it  was  stated  that  wheat  would  hardly  head,  while  immediately  be- 
neath one's  feet  bananas,  coffee,  oranges,  and  every  form  of  tropica! 
vegetation  could  be  seen  growing  luxuriantly.    A  few  miles  beyond 


*  The  concession  permitted  of  no  delay  in  beginning  constmctioq. 
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a  large  and  very  ancient  fortress  still  in  good  repair,  but  unoccupied, 
which  would  cost  perhaps  $5,000,000  or  $6,000,000  to  duplicate,  in  which 
for  two  centuries  the  great  bulk  of  the  silver  product  of  Mexico  was 
stored  pending  the  arrival  of  transports  at  Vera  Cruz.  Several  of  the 
old  line  of  visual  telegraph  towers  which  were  used  to  communicate 
between  the  two  points  are  still  pointed  out,  although  out  of  use  more 
than  a  century.  From  several  points  on  the  upper  ascent  the  city  of 
Vera  Cruz,  80  miles  off  in  an  air- line  and  6000  to  8000  feet  below,  is 
visible  in  clear  weather.  These  and  other  features  make  the  region  one 
of  the  highest  interest  to  the  tourist. 

In  view  of  what  has  preceded,  the  writer  hopes  that  he  may  not  be  sus- 
pected of  over-estimating  the  difficulties  of  securing  such  lines,  or  of  per- 
sonal inability  to  cope  with  them,  when  he  declares  his  conviction  that 
this  whole  method  of  taking  railway  lines  up  difficult  ascents  by  a  con- 
tinuous succession  of  curves  and  tangents  on  a  rising  grade,  over  which 
the  locomotive  keeps  up  a  steady  march,  is  fundamentally  wrong  and 
bad,  and  one  which  might  profitably  be  modified  in  nearly  all  cases  when 
an  elevation  of  over  1000  feet,  or  possibly  much  less,  is  to  be  surmounted. 
To  furnish  a  suitable  background  for  the  expression  of  these  conclusions, 
by  showing  that  they  are  formed  in  spite  of  fairly  successful  experience 
in  following  up  the  more  usually  approved  plan,  is  a  main  purpose  of 
this  paper. 

Three  general  methods  for  surmounting  such  elevations,  besides  the 
almost  universal  one,  are  more  or  less  in  use : 

First.  Rack  or  grip  railways. 

Second.  Inclined  planes  operated  by  stationary  engines. 

Third.  Switchbacks. 

The  first  of  these  was  proposed  in  a  practicable  form  over  thirty  years 
ago,  and  the  two  latter  antedate  the  locomotive  itself.  Either  one  of 
them  is  probably  deserving  of  more  use  than  is  given  it,  but  the  third 
(switchback)  the  writer  deems  worthy  of  adoption  by  engineers  as  the 
standard  plan  for  surmounting  considerable  elevations,  always  provided 
the  switchbacks  be  constructed  and  operated  in  quite  a  different  manner 
from  that  usual  in  the  few  which  exist,  which  have  for  the  most  part 
only  been  resorted  to  as  a  last  resource. 

One  feels  a  natural  hesitation  in  expressing  a  conclusion  which,  it 
must  be  admitted  at  once,  all  the  tendency  of  modern  practice  tends  to 
discredit.  The  accumulated  verdict  of  experience  is  rarely  wrong,  and 
it  is  undeniable  that  all  these  plans  have  been  in  many  cases  tried  and 
abandoned,  and  have  met  decreasing  favor.    Nevertheless,  causes  need- 
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less  to  go  into,  other  than  lack  of  real  merit,  may  explain  in  part  at  least 
this  result,  and  the  writer  sees  no  escape  from  believing  that  they  do  so 
wholly. 

The  capabilities  of  the  inclined  plane  or  cable  plan  have  been  greatly 
extended  in  recent  years,  as  applied  to  street  and  local  passenger  service, 
and  it  is  clearly  destined  in  the  near  future  to  still  wider  use.  Super- 
ficially, the  record  of  its  use  in  connection  with  ordinary  railways  is 
most  discouraging  to  any  hope  of  its  future  usefulness  in  that  direction. 
In  the  early  days  of  railways  it  was  constantly  considered,  and  often 
used.  A  complete  plant  of  the  kind  existed  over  the  Allegheny  summit 
of  the  Pennsylvania  Railroad  before  that  line  was  built,  and  was  aban* 
doned  in  favor  of  locomotive  traction,  even  to  connect  two  lines  of  canals. 
Several  complete  railways  operated  by  successive  inclined  planes  and 
gravity  inclines  were  built  in  Pennsylvania  and  elsewhere — two  in  North- 
ern Pennsylvania  of  considerable  length,  one  of  which  is  still  in  use  and 
the  other  only  recently  abandoned,  but  not  chiefly,  if  at  all,  for  reasons 
affecting  its  abstract  merit.  It  is  not  generally  known  that  the  existing 
main  line  of  the  Pennsylvania  Railroad  over  the  Alleghenies,  which  was 
built  long  after  the  old  planes  had  been  abandoned,  was  laid  out  with 
the  distinct  view  of  afterwards  adding  a  new  and  enlarged  system  of 
planes  for  freight  traffic  when  the  volume  of  traffic  had  increased  to 
justify  it.  This  policy  was  favored  by  its  distinguished  chief  engineer, 
Mr.  J.  Edgar  Thompson,  and  some  elaborate  and  interesting  data  in  re- 
spect to  it  are  given  in  the  early  reports  of  that  road,  notably  in  a  report 
by  the  then  Superintendent,  Gen.  Herman  Haupt,  in  which  the  ground 
is  distinctly  taken  that  it  is  a  mere  question  of  volume  of  traffic  whether 
inclined  planes  are  economical  or  not. 

That  view  the  writer  apprehends  to  be  the  true  one.  The  fixed  trac- 
tive plant  is  costly  to  construct,  maintain,  and  operate,  and  expenses  are 
not  greatly  affected  by  whether  the  tonnage  moved  by  it  be  large  or 
small.  It  by  no  means  follows  that,  because  the  system  was  wisely 
abandoned  in  favor  of  locomotive  power,  for  the  thin  traffic  of  those 
early  days,  that  it  is  wise  to  continue  to  neglect  it  at  points  where  almost 
a  steady  stream  of  laden  cars  is  to  be  carried,  first  up  and  then  down  a 
dividing  ridge,  day  and  night,  the  year  round,  as  on  the  Pennsylvania 
summit,  and  at  many  similar  localities.  At  such  points  it  is  demonstra- 
ble that  not  only  may  the  great  amount  of  power  used  in  lifting  locomo- 
tives be  saved,  but  that  the  descending  and  ascending  cars  may  be  bal- 
anced against  each  other,  thus  largely  eliminating  the  effect  of  the  rise; 
while  the  strperior  economy  of  stationary  engines  will  largely  reduce  th« 
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cost  per  horse-power,  after  allowing  for  the  friction  of  cables,  which,  on  a 
short,  steep  incline  is  a  minor  element.  Especially  now  that  the  making 
of  long  continuous  cables  is  so  well  understood,  so  that  as  long  an  in- 
cline as  the  topography  permits  may  be  readily  worked,  it  is  worthy  of 
the  most  serious  study  whether  a  very  large  economy  is  not  readily  pos- 
sible at  such  special  localities,  a  considerable  number  of  which  may  be 
counted  up. 

A  proper  switchback  system,  however,  seems  to  the  writer  the  most 
generally  useful  and  meritorious  for  lines  of  probably  thin  traffic,  as  well 
as  the  most  unquestionably  practicable  for  use  in  all  such  localities.  The 
germ  of  the  proper  system  was  contained  in  the  first  switchback  laid 
out  in  America,  if  not  in  the  world, — that  at  Mauch  Chunk, — which  was 
used  for  dropping  empty  coal-cars  down  into  the  Nesquehoning  Valley, 
before  the  tunnel  of  that  name  was  completed.  That  track  was  used  only 
for  cars  passing  in  one  direction  (descending),  and  was  operated  as  fol- 
lows : 

The  cars  were  started  from  A,  Fig.  311,  on  a  down  grade  of  about  I 
per  cent,  calculated  to  give  a  considerable  velocity.  At  ^  an  automatic 
«witch,  whose  exact  mechanism  the 
writer  cannot  give,  was  run  through  and 
the  car  brought  to  a  rest  by  the  next  suc- 
ceeding up  grade  at  C,  from  which  it  im- 
mediately started  back  towards  D,  pass- 
ing through  the  switches  B  and  D  until 
again  stopped  at  E ;  and  so  on  indefinitely, 
the  cars  descending  several  hundred  feet 
in  all  without  the  slightest  attention, 
very  rapidly,  with  very  rare  accidents^ 
and  with  no  one  on  them  or  stationed 
along  the  track.  ^^^"  3"- 

Thus,  to  say  the  least,  every  advantage  was  gained  that  could  have 
been  gained  by  a  long  continuous  descent,  with  the  immense  advantage 
that,  owing  to  the  entire  liberty  of  choice  as  to  the  length  given  to  each 
plane,  the  best  alignment  and  lightest  work  available  on  any  part  of  the 
surrounding  country  may  be  chosen. 

But  more  than  this  was  gained.  Any  long  continuous  grade  which 
is  steep  enough  to  move  cars  with  journals  in  rather  bad  order,  must  be 
steep  enough  to  speedily  give  cars  in  good  order  a  dangerous  velocity. 
Thus  it  would  be  impossible  to  let  cars  run  of  themselves  down  a  con- 
tinuous grade  of  any  kind,  while,  on  the  switchback,  not  only  was  this 
50 
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very  readily  done,  but  a  pretty  high  average  velocity  could  be  safely 
used,  from  the  fact  that  it  in  any  case  could  not  exceed  a  certain  maxi- 
mum. Again,  when  necessity  required,  it  was  easy  to  stop  cars  at  any 
point. 

Analogous  advantages  are  readily  obtainable,  mutatis  mutandis,  by 
fwitchbacks  operated  by  regular  trains  running  in  both  directions,  but 
not  under  the  conditions  of  ordinary  practice,  which  necessitates  the 
complete  loss  of  all  the  vis  viva  of  the  train  at  every  switch.  The  plan 
:.hown  in  Figs.  312  and  313  will  apparently  obviate  this  necessity  com- 
pletely, and  introduce  no  new  elements  liable  to  cause  difficulty,  but,  on 
the  contrary,  give  smooth,  easy,  and  rapid  motion.  The  details  of  this 
plan  are  as  follows  : 

As  Respects  the  Switches. — The  switches  should  be,  and  are  easily 
made,  entirely  automatic.  Their  normal  position  should  be  that  in  Fig. 
312,  in  position  for  running  up  hill,  and  not  down  hill.  A  runaway  train 
or  car  cannot  then  pass  a  switch  and  continue  down  grade.  As  respects 
a  train  going  up  grade,  this  arrangement  presents  no  difficulty.  It  may 
simply  run  through  the  switch  D,  springing  the  points  over  to  let  the 
wheels  pass.  Simple  devices  of  many  different  forms  may  be  used  to 
restrain  too  rapid  return  of  the  points  after  the  passage  of  each  single 
wheel,  but  this  is  not  essential,  as  the  wear  and  tear  would  be  smalL 

The  mechanism  here  outlined  acts  as  follows: 

Down  Trains.—  A 
places  B  and  C  in  position 
to  act,  which  are  otherwise 
entirely  inoperative. 

B^  when  first  made  op- 
erative by  A^  opens  the 
switch  D  for  track  C,  and 
holds  it  op«i.'  ^  "^0 

C,     always     operative         Yig.  aia.—MKCMANiSM  roa  Autojwaticallv  Opskatimg  thb 
when  B  is,  returns  A,  B,  Switches  of  Switchbacks. 

and  D  to  their  original  positions. 

yf ,  B^  and  C  are  supposed  to  be  located  with  reference  to  having  the  engine  always  at 
the  same  end  of  the  train.  If  the  engine  be  at  the  other  ends  the  switches  must  be  oper- 
■tod  by  hand. 

Up  Trains.— If,  by  carelessness,  the  engineer  of  an  up  train  should  leave  the  switch- 
ftctuating  lever  down,  nothing  will  happen  except  to  set  ^  as  if  for  a  down  train,  in  leav- 
ttg  the  switchback.  This  will  not  affect  following  trains,  either  down  or  up.  Should  a 
succeeding  up  train  be  equally  careless,  it  will  act  first  on  C  and  then  on  yf ,  thus  ruimiog 
through  the  switch  with  no  effect. 

A  train  descending  should  be  able  to  operate  the  switch,  so  as  to  con- 
tinue descent,  by  a  single  act  of  the  engineer,  but  only  by  intention  on 
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his  part.  This  may  be  accomplished  by  a  very  simple  and  inexpensive 
apparatus,  such  as  that  outlined  in  Fig.  312,  operated  by  a  lever  or  idler 
wheel  on  the  locomotive  controlled  by  the  engineman,  and  with 
mechanism  somewhat  similar  to  that 
of  the  simpler  forms  of  interlocking 
apparatus,  which  it  would  be  super- 
fluous to  describe  in  detail,  as  it  can 
be  designed  in  a  few  hours  by  any 
signal  engineer.  The  general  meth- 
od of  operation  is  described  beside 
Fig.  312,  the  whole  insuring  that  (i) 
up  trains  shall  always  pass  the 
switches  freely  and  automatically;  (2) 
that  runaway  down  trains  shall 
never  pass  them,  but  be  caught ; 
(3)  that  regular  down  trains  shall  be 
enabled  to  pass  the  switches  auto- 
matically by  a  single  act  of  the  en- 
gineer; (4)  that  careless  neglect  of 
this  act  shall  do  no  other  harm  than 
to  cause  the  train  to  run  back  again 
on  the  up  track ;  (5)  that  danger 
signals  shall  be  set  when  the  switches 
are  wrong,  or  any  part  of  the  appa- 
ratus broken ;  (6)  that  the  switches 
can  at  all  times  be  operated  by  hand 
if  desired,  or  if  the  mechanism  is  out 
of  order. 

As  respects  the  Adjustment  of  the 
Grades. — Fig.  313  shows  in  detail 
what  the  writer  regards  as  the  proper 
adjustment  of  grades  for  a  2  percent 
switchback,  and  the  principle  of  the 
adjustment  for  any  grade.  With 
this  arrangement  it  is  unnecessary 
for  an  up  train  to  use  brakes,  or  even 
shut  oflf  steam  at  all.  for  making  the 
stop  and  then  starting  backwards. 

It  will  be  seen  that  the  up  grade  continues  unbroken  until  it  has 
passed  the  switch  and  then  rises  in  a  sharp  vertical  curve,  which  rises 
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above  the  regular  grade,  slowly  at  first,  and  at  the  further  end — merely 
as  a  precaution  against  accidents — rises  very  rapidly  indeed.  This  is  to 
bring  the  train  to  a  stop  slowly  and  gradually,  but  certainly,  without 
either  shutting  off  steam  or  using  brakes.  The  rise  necessary  to  do  this 
for  any  given  train-speed  may  be  computed  exactly,  and  is  given  in  Table 
.ii8  of  this  volume. 

Suppose  a  train  to  be  ascending  the  2  per  cent  grade  at  a  uniform 
speed  of  15  miles  per  hour.  Then,  by  the  table,  a  lift  of  7.99  ft.  above 
the  regular  grade  will  bring  it  to  a  stop  even  with  the  engine  still  using 
steam.  If  the  velocity  be  only  10  miles  per  hour,  a  lift  of  3.55  ft.  only 
will  be  necessary,  and  this  will  or  can  readily  be  made  to  be  the  usual 
speed  of  approach.  In  that  case,  if  the  train  consist  of  10  cars  and  be 
400  ft.  long,  it  will  come  to  rest  with  the  steam  still  on,  unchanged,  when 
the  rear  of  the  train  has  passed  a  little  over  100  ft.  past  the  switch,  the 
centre  of  gravity  of  the  train  being  then  3.55  ft.  above  the  tangent  grade- 
line.  The  slack  of  the  train  will  be  taken  out,  under  these  conditions, 
very  gradually  indeed,  and  almost  at  the  instant  of  coming  to  rest. 

If,  then,  without  changing  the  throttle,  the  reverse  lever  be  thrown 
over  into  back  gear,  or  even  merely  into  mid-gear,  so  as  to  do  no  work 
at  all,  the  train  will  immediately  start  backward,  still  holding  all  the  slack 
out  of  the  train,  which  will  continue  out  until  forward  motion  is  resumed 
at  the  next  switchback.  If  the  lever  were  immediately  placed  in  the 
same  notch  of  back  gear  in  which  it  formerly  stood  in  forward  gear  (which 
would  be  unnecessary)  the  speed  which  the  train  would  have  acquired  on 
resuming  the  upper  straight  grade  at  7*,  Fig.  313,  would  be  that  due  to 
the  height  r,  which  is  3.55  +  (8  x  4)  =  35.55  ft.,  or.  as  per  Table  118,  31^ 
miles  per  hour,  an  objectionably  high,  but  not  dangerous,  speed.  Had 
the  velocity  of  approach  from  below  been.  15  miles,  this  speed  would  have 
been  that  due  to  37.99  ft.  or  only  32!  miles  per  hour,  and  had  the  velocity 
of  approach  (in  case  of  passenger  trains)  been  even  20  or  25  miles,  this 
speed  would  have  been  only  36  or  39  miles  per  hour.  Thus  the  switch, 
with  grades  arranged  as  shown,  can  be  run  through  at  any  speed,  making 
no  more  change  in  the  brakes,  steam  or  engine,  than  to  throw  over  the 
reverse  lever,  at  the  moment  the  train  comes  to  a  stop,  from  full  gear  for- 
ward to  full  gear  back. 

With  ordinarily  careful  and  safe  working,  the  speed  at  T,  Fig.  313. 
would  be  about  10  miles  per  hour  higher  than  the  speed  of  approach, 
a  gain  far  more  than  sufficient  to  obviate  all  loss  of  time  from  the  stop, 
and  equivalent  (for  speeds  of  10  miles  per  hour  approaching  and  20  miles 
leaving)  to  a  subtraction  of  10.65  vertical  feet  from  the  rise  in  the  next 
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grade — a  gain  which  will  considerably  increase  the  average  speed  or  haul- 
ing capacity,  or  bpth.* 

Fig.  313  equally  well  represents  the  conditions  at  the  next  ensuing 
switchback,  where  the  train  approaches  rear-end  to  it,  if  we  simply  as- 
sume the  engine  to  be  at  the  other  end  of  the  train.  It  reaches  the  po- 
sition shown,  backing  up  from  below,  with  all  slack  out  of  the  train.  In 
starting  forward  on  the  up  grade,  the  rear  end  of  the  train,  being  on  a 
steeper  grade  than  the  engine,  will  tend  to  crowd  slightly  upon  it,  and  by 
setting  the  reverse  lever  in  the  second  or  third  notch  of  forward  geaff 
the  slack  will  be  taken  out  in  the  gentlest  possible  way,  far  more  gently 
than  is  ever  possible  in  starting  on  a  level. 

Thus  the  ordinary  and  great  objections  to  sharp  hollows  in  grade-lines 
do  not  apply  in  this  case.  On  the  contrary,  the  action  is  smoother  than 
it  would  be  without  the  curved  profile.  Similarly,  the  still  greater  ob- 
jections  to  a  stop  on  the  grade-line  do  not  apply  at  all  in  this  case.  We 
rather  gain  by  it,  because  the  whole  train  stops  and  starts  again  with  the 
gentleness  and  economy  of  energy  of  a  pendulum,  for  identical  mechan- 
ical reasons. 

This  being  so, — there  being  no  loss  of  time,  no  loss  of  distance,  no  loss 
of  hauling  capacity,  and  no  measurable  loss  in  smoothness  of  motion,-^ 
we  have  left  as  a  net  gain  two  things :  First.  A  great  additional  safe- 
guard against  collisions  with  and  derailments  of  runaway  trains  or  parts 
of  trains.  Accidents  resembling  the  terrible  one  on  the  Southern  Pacific, 
on  the  Tehachapi  grade,  some  years  ago,  in  which  nearly  all  of  a  train- 
load  of  people  were  killed  or  injured,  are  not  likely  to  occur.  Before,  a 
train  can  attain  a  velocity  of  60  or  70  miles  per  hour  it  must  fall  128  or 
174  feet  in  excess  of  the  fall  required  to  overcome  its  resistance.  If  we 
estimate   its  average  resistance  in  acquiring  that  speed   at  20  lbs.  per 

*  If  the  train  were  running:  up  a  straight  grade  LOT 9X  15  miles  per  hour 

(say  22  feet  per  second)  in  ~ —  =  18.2  seconds 

22 

Via  the  switchback  it  takes: 

o  -4-  22 
0  to  stop,  800  feet  at  average  speed  of  about  — ' =  48.5  seconds. 

Stop  to  r.  1200  "         "         "         "         ^i-^=43.3       •« 

3  

91.8       " 

Loss  of  time,  as  nearly  as  may  be,  i^  minutes. 

The  train  is  then  moving  10  miles  per  hour  faster,  so  that  it  will  save  this 

lost  time  almost  within  the  next  mile. 
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ton,  equivalent  to  the  acceleration  on  a  i  per  cent  grade,  a  train  must  de- 
scend a  2  per  cent  grade  for  2\  to  3i  miles  before  it  will  acquire  those 
velocities.  A  single  car  would  take  much  longer  yet,  so  that  a  switch- 
back every  3  or  4  miles  would  go  far  to  insure  against  the  worst  results 
from  such  catastrophes,  which  no  care  can  wholly  avoid. 

Second,  A  great  reduction  in  cost  of  construction  and  amount  of 
curvature,  and  usually  in  rate  of  gradient  as  well,  is  assured ;  in  some 
cases  more  than  others,  but  always  considerable.  In  the  line  described 
in  this  paper,  the  writer  estimates  that  half  the  curvature,  and  nearly  half 
the  cost  of  construction  to  sub-grade,  might  have  been  saved  by  using 
not  more  than  eight  or  ten  switchbacks  on  the  whole  ascent  of  8000 
feet,  through  the  better  choice  of  ground  afforded.  An  entirely  different 
route  would  have  been  selected,  and  nearly  the  whole  line  might  have 
been  reduced  to  but  little  more  than  a  surface  line. 

On  the  other  hand,  there  is  the  unquestionable  disadvantage  in 
switchbacks,  that  engines  do  not  pass  curves  well  running  backward.  In 
part  this  is  remediable  in  the  design  of  engines,  and  by  leaving  the  rear 
drivers  blind,  but  the  only  proper  course  would  be  to  use  an  easier  maxi- 
mum curve  on  the  sections  on  which  the  engine  runs  backward,  which 
would  be  the  same  both  ascending  and  descending,  and  to  make  those 
sections  as  short  as  possible. 

Thus,  the  writer  believes,  this  objection,  while  it  cannot  be  entirely 
removed,  may  be  reduced  to  very  small  dimensions  ;  and  should  it  again 
fall  to  his  lot  to  locate  a  line  of  railway  upon  an  ascent  of  Sooo  vertical 
feet,  or  even  a  half  or  a  quarter — or,  possibly,  even  an  eighth— of  that 
amount,  he  will  in  no  case  willingly  attempt  to  locate  it  for  an  unbroken 
locomotive  run,  but  either  use  switchbacks  for  a  light  traffic,  or  study 
with  great  care  the  possibilities  of  the  locality  for  inclined  planes  with  a 
heavy  traffic. 
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References  to  tabular  matter  are  indicated  by  *  and  references  to  many  of  the  iLOre 
important  conclusions  for  immediate  application  are  in  small  capitals. 

To  save  space,  many  page  references  zit  marked  thus: 
5004-.  meaning  "  Page  500,  and  following  pages  not  in  the  immediate  context." 
500—, 
500  ±, 


<  < 


500  &. 


<i 


"  Page  500,  and  preceding  pages  not  in  the  immediate  context.'* 

"  Page  500,  and  pages  bDih  preceding  and  following  not  in  the  imme« 

diate  context." 
"  Page  500,  and  in  various  other  places  throughout  the  volume,  to 
which  more  specific  reference  under  this  head  did  not  seem  con- 
venient  or  expedient.     See  elsewhere." 
q.v,  (which  see)  has  been  used  in  many  cases  for  giving  cross-references,  as  most 
economical  of  space. 

Because  there  are  many  cross-references  it  must  not  be  assumed  that  they  always  exisu 
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train-speed  to,  650 
Boston  ft  Albany  rd.,  alignment 

[statist.,  *859 
curve  comp*n  on,  6fli 
flucts.  in  stock,  ^46  [*i5q 

locos.,  cost  and  miles  per  yr., 
fast  pass.,  wt.,  etc.,  431 
slide-valve  tesu,  533 
tubes  in,  ^420 
op*g  exp.  and  trains  per  day, 
rates,  fall  of,  ^736  ^vj* 

sidings  on,  *835 
ton*mile  rect's,  etc.,  •115 
train-load,  frt.  and  pass.,  <*ai7 
growth  of.  *zoo 
Boston  ft  Lowell.  Iocs,  cost  and 
[miles  per  year,  *ij9 
p.  c.  switching^nilca,  *iti 
Boston  ft  Maine,  nooB..  oM  and 

[duty,  *!« 

Boston  ft  Prov.,  locos.,  cost  and 

washouts  on,  78 1    Jduty,  ^59 

Bottom   lands  Mid   high  water, 

[BsDft 
Bound  Brook  line,  fuel  tests,  538 
Box  cars.  q.v..  dimensiont.  etc^ 
60,000  lb.  St  d,  *49o        [*4B6-7 
Box  culverts,  f  .9.,  wooden,  755 
Brake-gear,  accidents  from.  *%4^ 
Brakes,  automatic,  cost  new,  *iji 
effect  on  speed.  370 
gain  from,  804  ft 
cost  of,  deprec*n,  *aa4 
destructive  to  wheels,  377 

extent  of  da,  ^318 
efficiency  of.  average,  494 
coefl.  fnc.  of,  390 
computing,  336-8,494 
maximum,  495 


on 


359. 


waste  of  power  by,  691 

e»«P>«- 337-343  to? 
when  needed  on  gnMb 
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Bra-Bui 

Brakes—  Contin  ued. 

hand,  and  low  speed,  268 

Branches,  ry.,  731,  51 
av.  earnings,  71a 
early  building  Sad,  764 
for  defence,  718 
pass,  traff.  of,  734  [732 

reason  for  great  increase  uf, 

PROJECTING,   UNIV'l   RULE   for. 

SECOND,  do.,  734         [733 
to  develop  terriiorv,  735 
Brasses,  car,  maint.  of,  *i62  & 
locos.,  q.v.^    wt.,    etc..   *i5o, 

[♦412  & 
Breckenridge,  Col.,  loc'n  ai ,  695  -J- 
Brenner,  ry.  profile,  698-9 
British  ry.  dividends,  %! 

operating  expenses,  ^178 
(5>r  Great  Britain,  etc.) 
Bridge-building,  cause  of  prog,  in, 
Bridges,  accidents  from,  '247      [3 
cost  new  per  lb  .  905 

asaff.  by  rolling  Id.,  767  -}- 
draw,  weight  of,  905 
erecting,  cost,  905 

all  spans  but  one,  68 
floor  of,  900,  Q04 
heaviest  car-loads,  ^490 
maint.,  cost  of  U.S.,*i2o,  *i28, 
prelim,  esis.  of.  003       [*  172-6 
rerailing  guard  for.  900 
rolling  load,  767  -f-^  490 
types  of.  for  var.  spans,  904 
vibration  of.  447 
weight  of,  903 

as  aff.  by  depth.  '904 
by  rolling  I'd,  ♦767-72 
by  span,  ♦767-71 
by  st'l  or  iron,  ♦767-71 
double  track,  765 
draw,  905 
formula  for.  903 
light,  save  little,  765 
on  narrow-g.,  752 
width  of,  904 
Bridge  piers,  prelim,  ests.,  898 

pile,  770 
Bridge  spiral,  q.v.,  678-9.  681 
Bridging,  p.  c.  cost  to  total    ^757 
Broad  St.  station.  Phila.,trafhc,  69 
*  Broken  back  '  curves.  870 
Brooklyn,    B.   &   C.    I.,  sharpest 

[curve,  325 

Brooks,  rate  of  fall  of,  840  & 

Brooks   Loc.  Works  ,  loc.  dimen- 

fsions.  etc.,  ^407-8 

load  on  drivers  per  sq.  ft. 

[grate.  ^452 

Brunswick  &  Ch.  rd..  alignment 

[statistics.  ^264 

Buffalo,  greatest  yd.  in  world,  822 

inundations  at,  783 

miles  of  sidings  in.  ♦821 

Buffalo  Creek  rd..  side  tracks,  ^821 

Buffalo,  N.  Y.  &  Phila.,  alignment 

[statistics,  ^259 
sidings,  Buffalo  yd.,  ^821 

total.  ^825 

loco,  pcrf 'cc.  ^438 

Building,  const'n  of,  and  surveys. 

on  bonds.  30  [856 

what  is  built  well.  655  &    [♦25 

Buildings  (houses),  U.  S.  value. 

ry.  cost  new.  p.  c.  to  total. ^757 

maint.  various  rds.,  ^120, 

[♦170-6 


Bul— Car 

Bulgaria,  cost  rys.,  etc.,  %5 
Bunching,  curvature,  f.v.,  655 

fj^rades,  g.v.^  587  & 
Burlington,  la.,  brake  tests,  496  & 

slack  tests,  489 

train-res.  tests,  496 
Burlington  &  S.  W.,  alignment 

[statist.,  *263-4 
Burlington,  C.  R.  &  N.,  do.,  *a63-4 
Burr,  J.  D.,  paper  by,  279 
Burnettizing  cross-ties,  q.v.^  124 

Cable  traction,  merits  of,  686,  944 
modern,  origin  of,  689 
passing  summits  by,  689 
Caboose  brakes  set,  359 

dimensions,  etc.,  *486-7 
Caledonian  ry.  locos.,  cost   and 

[duty,  *x^ 

intM  rad'n  tests,  47a 

California:  area,  pop'o,  sid'ij^  p.c. 

of  op'g  exp.,eam'gs  p.  mile  and 

heaa,  ♦90;  wealth  per  cap.,  *a6 

Calumet  mine  bch.  (%%  gr.),  ^700 

Camden  &  Atl.  rd.,  wheel-wear 

[on,  •aSy-S 
Camp  outfit  for  loc*n,  q.v.,  867 
Canada,  Am.  Iocs  in,  433 

bonds  and  stock  per  m.,  ^107 
earnings  per  m.,  ♦107 
growth  rys.,  ^424 
pop'n,  rys.,  wealth,  etc.,  '27 
ry.  subsidies  by  govt.,  ^107 
Canada  Southern  ry.,  align't,  and 

[Huds.  K..  328 
branches,  money  spent  on,  764 
earn'gs  and  length,  ^719 

per  mile,  ^107 
flucts.  in  stock,  ^46 
nature    of    traffic,  local    and 
[through,  az4 
train-load  growth,  ♦loo 
(See  Michigan  Central.) 
Canadian  Pac.  ry..  length  of  divs., 
rolling-stock  per  m.,  ^47    [169 
Canals,  \J.  S.  value,  ^25  [*3a5 

Canarsie  Sl  Rock'y.sharp't  curve. 
Carbon,  H.  U,  in,  ^450  [dents,  254 
Carelessness,   as  cau^c    of    acci- 
Cant  (superelev..  g.v.\  271 
Cape  Government,  roll'jr-si'k  p. 

[mile,  ^47 
Capital,  floating,  U.  S.,  amt.,  ^25 
in  rys.  cf  world,  ♦27,  ^43  & 
made  less  by  bad  loc'n,  60 
return  on  Am.  rys.,  ^41 
English  rys.,  ♦41.  ^79 
Capital  acct.,  danger  of  increas- 

[ing.  113,  654 
distrib'n  of,  ♦71  Sl 
Car-Builders'  Dictionary,  491 
Car.  falling,  ex.  of  grav.,  342 
Car-couplers,  aut.,  and  speed,  804 
pass.,   why    easily   intro- 
[duced,489 
probabilities  as  to  frt.,  488 
types,  two  distinct,  489 
bad.  impede  long  trains,  566 
Car (^.v.) mile,  fuel.  P.  R.  R.,^i4o 
Carpets  falling   over,   accidents, 
Carr's  Rock  disaster,  255         [258 
Cars  and  rail- wear,  122 

capacity  of,  increase,  485,  114, 

effect  on  ezp.,  485    [135 

on   car    constr.    and 

[sp'd,  370 


Car— Car 

Cars — Continued, 

capacity  of.  effect  of  narrow 
[gauge  on,  485,  751 
transition  state  of,  487 
classes  of,  f r't,  486  -|- 
pass.,  491 
side-dump,  774 
cost  of  maintenance,  160-^ 
as  affected  by  additions, 
age.  1 6a  [166 

M.  C.  B.  rule,  205 
curvature,  319 
radius  of,  641 
distance,  aoi-4 

growth  of  traffic,  166 
igh  mileage,  i6a 
local  service,  16a 
rise  and  f  ,  377 
train  length,  570 
average  cost  of,  160 
per  cent,  details,  full,  frt.. 
pas^.,  167  [*i6i-4 

bodies  and  trucks  sepa- 
[rate,  ♦164 
pass., outside  and  inside, 

[204 
distrib'n  to  causes.  *ao3 

TO  VARIOUS   PARTS,  167 

Chicago  rds.,  *  174-6 
sections,  U.  S.,  ♦170-6 
trunk  lines,  ♦173-0 
34  years,  139 
English,  ♦  1 48  ft 
per  car  per  year,  ♦148 
cost  new,  163-4 

box  and  stock,  detail8.*304 
flat  and  coal  details,  ^005 
per  mile  N.  Y.  C,  •71 
depreciation   of  (see  above), 

[i63,  aos 
varying  causes  for.  aos 
dimensions  of  frt.,  all  classes, 
pass.,  ^491   .  [486-7 

irreg'ties  in,  487 
European,  520  -f 

and  Am  cross-sec.,  53s 
elev'd  ry..  646 
friction   of,    g.v.    (ft    train 

[ke.s.),  501 
European.  ^283,  ♦soa 
invention  of  Am.  car,  421 
load  of.  cannot  be  full,  611 
E.  ft  W.,  ♦609-1- 
how  to  est.  prob'Ie,  99 
mileage  of.  cost,  all  parts  U. 
frt.  cars,  i6i-a  [S.,  ♦170-6 
average,  168 
why  low,  165 
pass.^  168 

sleeping,  168  [^47  ft 

number  per  mile,  world,  %3, 

riding  of.  and  curves,  375 

ht.  cent  of  grav.,  271 

ton-miles  per,  U.S.  sects.,  ^97 

weight  of  frt.,  486-99       [*499 

extra   large   and    beaTT« 

mat'ls,  separately,  ♦i^, 

pass.,  491  [5^7 

WHY   CROW  HEAVIER,  139 

Car  g.v.  springs, compres'n  of, ajs 
Car-wheels,  accidents  from,  ^346 

and  rail,  307,  516  ft 

cost  and  depreciation  of,  ♦904 
failures  on  for*n  rds.,  166 

cracks  and  breaks,  loc*«**  '*^ 

maint.  of,  ^164 
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Car— Cha 

GiT'Wheelt.  oiaint.  Q{-^C»niinutd. 

cautes  of  failure,  ^317 

p.  c.  due  to  Tar.  caueet« 

milea^  life  of,  319    [*ao3,*377 

at  affected  oy  qttality,*3i7 

lead*K  and  trail'f  wh  It, 

[•a88 
I000.  and  tcnd'r  uucks, 

[•a88 
comparative  put.  and  ft.. 
on  curves,  f  .v.,  aSa  [167 

ai  pulleys,  30s 
flange  wear,  308 
rotation,  energy  uf .  334 
■ite  and  wt.  of,  ^163,  av.,  335 

ts-in.,  513,  913 
■"rench,  5*1 
U.  S.  sundard,  ^486 
eff't  on  train  r..  513     II335 
p.  c.  wt.  to  total  of  trains, 
skidded,  fric,  f.v.,  ^990 
tread,  proper  form,  308 
errors  as  to,  307 
Carting,  amt.  of,  and  ry.  traffic,  52 

cost  of,  8ao 
Castings  in  ioco^.,  ^r.,  ^150  ft 

prices  Am.  and  ttng.,*4i6,*763 
Cattle,  accidents  from,  *945,  '347 
Cattle-guard,  plan  for,  770 
Caucasus  ry.  profile.  698 
Cement,  co.  should  furnish,  903  ft 
Census  U.  S.,  defecu  in,  *a6t 

(Oiherwiw,  the  many  abstracts 
not  indexed.) 

Centre  of  gravity  of  cars.  171 
of  exchange  traffic,  aa? 
of  trains  in  sags,  357-00 
of  two  towns,  67  [699  ft 

Central  angle  and  curve  comp'n, 
Central  la.,  align*t  statist.,  *96a 
Central  N.  j.,  fastest  train,  '539 
fluct.  in  stuck,  ^46 
loc  I.  perform.,  '440 
/«ntral-rail  rys..  404 

iSt*  Rack.) 
Central  Vt..  align m't  statist.,  ^359 

p.  c.  switcbing-miles,  *i8i 
Central  Pacif.,  alignm*t  sutist., 
fluct.  In  stock,  Se  f'aes 

loco.  **  Bl  Gubemador,'*^  de- 

[tails,  *4io 
Mastodon   loco.,    details, 
t*4io,  •433 
load  on  drivers  pr.  sq.  ft. 
Mogul,  431       [grate,  *453 
miles  and  earnings,  ^19 
mountain  grade,  ^700 
Ccntrif.  force  on  curves,  f  .v.,  969 
common  error  as  to.  301 
effect  on  curve  resist.,  398 
position  wheels.  300 
safety,  300      [eff*t,  •373 
limits    of     objectionable 
lbs.  per  ton  var.  curves, 
of  counterwts.,  446    [etc'aTo 
Cbylon.  long  grades  in,  '699 

rolling-stock  per  mile,  %7 
Chain,  with  wheels,  and   curve 
Chains,  metric,  a66  [res.,  303 

radii  by,  *366  -f 
Chairs  for  cross-ties,  English,  135 
Chances,  theory  of,  864  ft 
Cbanute,  O.,  on  loco,  adhesion, 
loco,  rail  wear,  133  [443 

train  resist'ce,  518,  535     ['364 
Chartotie,  C.  ft  A.,  align*t  suust., 


Cha-Chi 

Charlotte,  C.  ft  K.—C^niinutd, 

maiot.  way  exp.,  198 
Chattahoochee  River  fall,  841 
Cheap  lines,  a  priori  preferable,  18 

when  to  prefer,  583 
Cheat  River,  fall.  841  [^964 

Chesapeake  ft  O.,  align*t  statist.,  ' 
curve  comp'n  on,  6ax 
60  f  L  and  6*  comb*n,  656 
Chicago,  disuoces  to,  340 
grain  rec'ts,  798 
train  speed  to,  650 
rates  to  and  through,  ai8  ft 
terminals,  loc'n  of,  73 
relative  sixe,  837 
Chicago    roads,   op'g   exp.    and 
[trains  per  day,  '174 
train-Id.  growth,  *iot 
rales,  fallin  ao  yrs,  ^736 
Chic,  ft  Alt'n,  align't  statist.,  *363 
fluct.  in  stock,  %6 
op'g  exp.  and  trains  per  day, 
rates,  fall  of,  ^736  [^174 

train-Id.  growth,  *xoi 
Chic,  ft  E.  III.,  align't statist.,  ^363 
Chic,  ft  G.  T..  align't  statist..  ^363 
Chic,  ft  N.  W.  flucu.  in  stock,  ^45 
furniture  car.  '490 
miles  and  earnings.  ^719 
op'g  exp.  and  tr.iins  per  day, 
chart,  of,  etc..  35       [•174 
rates,  fall  of,  '736 
train-Id.  growth,  ^101 
Chic.  R.  I.  ft  P..  fluct.  instock,*46 
miles  and  earn'gs,  '7(9 
op'g  exp.  and  trains  per  day, 
rates,  fall  of,  *736  [*i74 

train-Id.  growth.  *ioi 
Chic,  ft  Spr*fd,  align*tstaii«t.,*369 
Chic,  B.  C.  ft  W.,  align't  statist., 

[•36a 
Chic,  B.  ft  Q.,  align't  sUtist.,*36a 
dining-car,  %9i 
dynamom.  tests,  501 
fluct.  in  stock,  ^46 
locos,  cost  new,  det'ls,  ^150-7 
p.  c.  labor  and  mat*ls.*x53, 

[•416 
dimensions,  etc..  ^407 
Id.  drivers,  per  sq.  ft. 
[grate,  •453 
performance  of,  *44o 
wt.  and  cost,  detMs,  *'4x6 
tender  capacity,  standard. 

[•378 
miles  and  earnings,  ^719 
motive-ix>wer  expenses,  157 
op'g  exp.  and  trains  per  day, 
rates,  fall  of.  •726  [^174 

traffic,  growth  of.  157 
train  and  brake  tests,  497  -f- 
waier-supply  on,  ^378 

Chic,  M.  ft  bt.  Paul,  alignment 
[statistics.  ^363-3 
fluctuations  in  stock,  %6 
miles  and  earnini^,  ^719 
op'g  exp.  and  trains  per  day, 
rates,  fall  of,  ^726  [^>74 

timber  structures  on,  770 
train-lnad  growth,  101 

Chief  engineer  should  make  re* 
[coooaissance,  33,  833  ft 
of  party,  duties.  867 

Child,  sense  of  distance,  844 

Chili.  Inco.  performance  in,  ^438 
railway  grade  in,  ^699 


Chu— Col 

Churches  and  scbouls,  U.  S.  value; 

[••J 

Cincinnati,  Erie  business  to,  asa 

Cine,  H.  ft  D.,  align't  sutist.,  '361 

distance,  value  of,  aai 

curve  comp'n  on,  631,  656 

Cine,  N.  O.  ft  Tex.  P.,  loco,  testa 

[on,  477 

So.  Ry.,  pedestals  and  vi»- 

[viaoucu.  cost,  etc,  90X 

60  ft.  and  6*  comh^n.  656 

Cine,  N.  O.  ft  Tex  P  (Cine  So.), 

[alignment  statistics,  ^364 

Cine,  W.  ft  Mich.,  align't  stat., 

[•a6i 
Cities,  great,  to  nowhere.  731 

and  small,  traffic  of,  70 
Cities  often  in  hollows,  859 
part)f-wall  laws,  81a 
terminal,  f  .9.,  655  ft 
traffic  of,  ^.v..  heavy  Into,  6iy 

growth,  •714 
train  speed  between,  64^  50 
Clark,  D.  K.,  00  adhesion  and 

[speed,  43S 
train  resistance.  5x8,  538 
radiation,  int'l,  473 
wire-drawing,  etc..  474 
Qassification  of  material,  and  coo- 

[lour  maps.  877 
Clearance  spaces,  loco.,  y.f.,  473 
Clearing,  illusiire  effect  from,  8so 

p.  e,  cost  to  total,  ^757 
Cleaning  locos.,  q.v.^  cost,  ^147 
Cleveland,  Brie  business  to.  zaa 
Cleve'd  &  Mar.,align't  statist, *36x 
Clev^d  ft  Pitts.,  p.  c  switching- 

[miles.  *itx 

ClevM..C.,  C.ft  I.,  align^t  atatisc., 

p.  c.  switching-m.,  *i8t   [^a6i 

rates,  through  and  way.  000- 

Istant  ratio,  •X4-S 

growth,  traffic.  *9x6         [H14 

p.  e  local  traffic  and  thro*, 

p.  e  variouft  clashes.  '315 

tons  and  ton-railea,  E.  and 

IW..  etc,  •316 

train-toad  growth,  *ios 

Clev*d,T.V.  ft  W.,  align't  statist^ 

Clev'd,  Mt.V.ft  D.,align*t  statist., 

I*a6t 
Quster-bent  trestles.  900 
Coal,  cost  per  ton,  U.  S.,  133 

lbs.  per  car  and  eng.  m.,  119  ft 

(5^^FuelT 
ship^ts  west,  economy  of.  135 
used  at  N.  Y.  terminals,  ^819 
car,  ^.r>.,  extra  heavy.  ^490 
trains,  operating,  *i33'ft 
Coatepec,  line  at,  937 
Coasting  and  ry.  accidents,  357 
Cocks,  loco.,  cost.  41a 
Colbum,  Z.,  loc  tests.  437 
Collins.  C,  on  ditching,  773 
Collisions,  causes  of.  945 
Colorado :  area,  pop'n.  stdinga.  jp. 
C-  op*R  «p-«  earnings  per  mile 
and  head,  ^90 ;  wealth  per  cap^j 

ditches,  ocular  illusiotta,  l^f 
elevations,  696-8.  700 
rys.,  cost,  669.  696 
example,  61^ 
gauge  of,  694 
Colo.  Centr.,  a2igB*t  itaiinc.. 
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Cur-Cur 

Curvature— Ctfi»//j»«^</. 
forces  acting  on,  381 
loss  of  power  small,  316 
loco.  q.t\  safety  00,  148,  433 
loss  traffic  from.  375 
lost  time  on,  648  & 
moral  effect  of,  276 
prevailing  error  as  to,  944 

LIMITING,  630 

TABI.K  OF,  653 

limit  of,  and  bankruptcy,  655 

CONCLUSIONS  AS  TO,  653 

effect  on  construction,  635 
fixing  in  advance  wrong, 
on  light  rys.,  749  [654 

60  ft.  and  6*  comb*n,  656 

TOPOGRAPHICAL   LIMIT,  655 

wrong  mode  of  dei*g.  244 
limits  of  object*able  spd.,*373 
metric,  degrees  of,  684 
radius  of,  bankruptcy  never 
[comes  from,  655 
effect  on  compar*ve  rail 
[wear,  396 
curve  ccmpens'n,  633 
curve  resistance,  con- 
[ci.usioNS,  305 
distance,  643 
speed,  64 J 

train-load,  650       fm 
flange,  q  v..preM.  unan*d, 
in  ft.,  CO.,  and  m.,  *367 
inberent  ci>st,  638 
length  between  same  T. 

[Ps.,  '644 
limitine  effect,  645 
loss  of  time  by,  647 

cost  nf.  648 
various  modes  of  design- 
ling,  358-66 
rail  wear  on,  ex..  393 
rel.  imp>ortance.  ex..  395 
shaip  and  zigzag  devcl  ts,  678 
examples,    elevated   rys., 
IN.  Y  .  645-7 
high  line  to  Lcadville, 
Mexican  ry..  931        [697 
Peruvian,  679 
sharpest  in  regular  use 
[U.  S..  ♦325 
U.  S.  Mil.  R.  R.,  336 
flange,  ^.r..  wear  on.  393 
gives  choice  more  routes, 
[656.  698 
lengthens  tangts.,  641 
may  save  dist.,  643 
on  pusher  grades,  667 
radii  for,  '266  [266-7 

running  with  short    ch., 
taking  out  on  old  lines,  787 

on  Penna.  rd  ,  277 
*  train-degree '  of.  58a 
Curve  protractor,  802 
Curve  rbsistanck,  mechanics  of, 

[281 
amt.  due  to  surf.  fric.  only, 

[291 
as  affected  by  age  of  rails,  395 
fiirm  do..  395 
centrifu.  force  and  super- 
[elevation,  398 
greasing  flange,  516 
obliquitv  of  traction.  301 
six    and    four    wheel 

[truck.  388 
various  types  I0C./279— 


Cur-Den 

Curve  resistance—  Continued, 
as  affected  by  velocity,  911 

CONCLUSIONS   AS  lO,  304 

distinction  force  and   power, 
600^  =  I  mile  dist ,  315        [293 
Curves,  broken  rails  on,  356 
centrif.  force,  f .».,  on,  369  -|- 
functions  of,  det'g  diffs.,  '644 
inside  and  outs,  rail,  differ. 

[length,  384 
loco.  q.v.  truck,  why  needed, 
offsets  to,  det*g,  873       [436  -}- 
projecting,  892  — 
to  fit  topogV,  668 
transition  curves  for.  809 
radii  of,  determ'g  diffs.,  644 
sharp,  short    chords    prefer- 

[able,  367 
slipping  of  wheel  on,  cause, 
error  as  to.  387       [384-6 
velocity  of,  289 
transition,  q.v.,  why  needed, 
vertical,  q.v.,  869  [976 

Cushing,  G.  W.,  loc.  tests  by,  553 
Cut-off,  loco.,  f .».,  av.,  •463  •\- 
and  speed,  47V 
theoret.  gain  by,  ^467-8 
Cuts  (ejtcav.,  f.t/.),  shallow,  snow 

[in,  136 
{generally  last  work  done,  893 
Cutting  of  cross-ties,  cause,  135 

trains  m  two,  599 
Cylinders,  non-conducV  theoret. 

[eflTy,  NeS  ft 
loco.,  7.  v.,  life  of,  430 

Dakota,   align't   statistics,   *363: 

area,    pop.,    sidings,  p.  c.  op. 

exp.,   earnings   per   mile    and 

head,  *9n;  wealth  per  capita,  *36 

Danville  ft  S.  W.,  align't  statis- 

[tics,  *363 
Days  per  year,  taken  at  365. 97 
D.iyton  ft  Mich.,  align't statiHtics, 
Dazio,  spirals  at,  673  [*36i 

Dead  weight  and  f  uel  consump*n, 
freight  cars,  av.,  610  ft      [139 
mineral,  present  ratio.  614 
of  l«>co.,  all  grades,  *688 
pass,  trains,  491 
why  little  injurious,  139 

WHY  TENDS  to  INCR.,  567 

Decapod  loco.,  q.v.^  details,  *4Xo 
Defaults,  railway,  *40  [258 

Degree  of  curve,  q  v.,  measur'g. 
Depreciation.  fr*t  cars,  rate,  '204 

M.  C.  B.  rule,  'aos 
Delaford,  M.  F.,  expts.  as  to  st*m 

[press..  474 

Delaware,   area,  pop'n,  sidings. 

p.  c.opg.  exp..  earning  per  mile 

and  head,  ^90;  wealth  per  cap  , 

[♦36 
Delaware,  Lac.  ft  West.,  alicn't 

[statistics,  *36o 
loco,  perform.ince,  ^438 
sidings,  total.  '825 
p.  c.  switchinp-mile*.  ♦181 
terminal  exp.,  etc.,  N.  Y.,  *8x9 
track.  Buff.iloyd.,  •831 
train-load,  growth,  •100 
Delaware  ^  Co.,  gravity 

[r*y.69» 
Denm9  '''*.,  '^ 

Denve  I  Mine 

B*|  *joo 


Den— Dli 

Denver  ft  Rio  G.—ContimtutL 
Consolid'n  engs.  on,  s8i 
curve  comp^n  on,  631 
effect  n.  gauge,  js* 
financial  status,  4^ 
fluct.  in  stocks,  '46 
long  grades  on,  699 
profile  condensed.  698 
Denver,  So.  P.  ft  P.,Iocation  map. 
Depots.   (See  Stations.)  [696 

Derailing  switches,  def.,  811 
Derailment  accidents,  q.v..  345 

and  caboose  brakes.  359 
Desdoint.  M.,  loco,  testb,  531 
Detroit  grain  receipts,  728 
Detroit,  G.H.  ft  M.,  align't  sutls- 
tics,  '363  ^00,  93s  ft 

Development,  examples  of,  ^g^  4-* 
in  flat  country,  661  -|- 
RULB  AS  TO,  694 
spiral,  extreme  ex..  684 
wrong  practice  as  to,  67X 
Diagrams  lor  ests.  of  structures, 

[898 

geometric.  exagg-*n  in.  387 

Differences  in  receipts  and  exp. 

[t(»  govern,  17,  6t 

of  rev.  make  corps,  rich.  50 

Dining  cars,  competitifMi  with,  73 

dimensions,  etc..  ^91 
**  Discounting**  the  future,  94 
Dispatching,  train,  and  improve- 
[ments,old  lines,  791,  803 
and  ballast  trains.  774 
Disproponion  of  traffic,  q.9.,  6a8 
effect  on  train -Id  ,  100 
coal  movement  west,  135 
Distance  (Chap.  VIl.X  195 
a  minor  detail,  185 
and  breaking  tangts.,  3*4 
light  railways,  756 
reducing  low  grades,  66o4 
radius  of  curves,  641  + 
between    towns,    effect    on 
[earnings,  700 
compar.  value,  gtvat  and  small 
[diffs.,  9o8,  340,  70Q.  j»\ 
construction    cost,    allowiog 

[for,  911 
contradictory  law  as  to,  319 

example  of,  738 
cost  of,  tq8.  307-8 

as  affected  by  amt.  of  ex- 
[tra  dist.,  19I 
by  rate  grades,  581 
by  way  rects.,  934 
credit  side  to.  sii 

nature  of.  197  [^631 

developing,  q.v..  to  gain,  ex., 

to     rol.    pusher    grades 

[wrong,  6^ 

diff.  via  any  curve,  ^644 

effect  of,  on  competitive  recta, 

[•«» 
on  loco,  and  cars  rep*jn^ 

ON  OPG.  BXP.,  X98,  907-8 

great  diffs.,  909 
on  receipts, 
on  through  recta.,  9s8 

LAW  AS  TO,  998 

do  grbat  diffs.,  709 
erron  in  values  of,  ati 
estimating  by  eye,  845 
across  water,  845 
eye  f oreahortena,  84a  ^ 
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;itc'g  by  iraiii,  773.  806.  Eliwbclh,  L,  4  B.  S.,  iliffa'l  il»l- 

jrnmoidal  form's.  89J       [511  [iM.,  *i6i 

e,n  r,..  FruiceJouin>]-boi.     Eflloll,  J.  S.,  ft  JalB|»  linc.Mi 
lac,  lesuon,  4M.  53J        [*i8i     Ely.T.  W.,onCon>olld*tioncne., 
Eaitern  Kd,  p,c.  iwitching-iuilM,     EoKry,  C.  E..  paperby.  'sji  ['.^ 
"     -ern  State*,  fall  riven  in.  B,i     Employti  aw)  break  in  iwoa.jif 

Keni'y.  loco,  perrce,  'iiS      I         and  h^aiy  cnginn,  i6» 

Bail  Tenn..  V.&G.  loco.  peir«,  I         at  N.  V  lenDiiml*.  •»••> 
■oco.  icsla  cm,  701  ['^a  courtf.y  in,  6^ 

rtouniry.errror^  in.jS,  ft  no  on  C   S  r  y«,  .49    lin.M 
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when  moil  broken.  3««     [*3,i 

DrawbridiHi.     accidenii     from, 

weiRlit  of.  90s. 


Dredge,  J.,  '•  I 

DriirinK-whee 


Dudley,  P.  H  .e>pi«.  on  ft.  sprtd,  ' 

Dudley.  I'.  H  .  fuel  lesi,.  ,,9 
Dudley.  C.  B,.<-np'lio"  rail-ivea-.  I 
Dulutn.  eriin  rec'is,  718  hio  ' 

Duplicate     iracke     for      p  uglier 

Icadr..  fr,. 

Durability,  buyine,  m  tai'i.  7J9  -I- 

Droanic'i  of  irain  move't.  iji 
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Engraving;! 

ENCKAVINCSflNUBX  BY  SUBJBCT: 

Abutments,  pile.  770 
Altgnmeot,  posBible  devu'ns 

[small,  189 
Ameca  River  spirals,  etc.,  684 
Ames  car  coupler,  489 
American    line     to    Mexico, 
[maps,  etc..  932  -f- 
Arc,  mental,  strikinir,  8;8 
Areas,  ft.  lbs.  and  H.  UC,  455 
Ball  on  plank,  308 
Better  country  than  it  looks, 
fiiksell  truck.  426. 4^9-31     [848 
Boiler  power,  adaptini;,  403 

Brake*.  computinfjreff'y«  494 
branch  lines,  examps.,  7^4-6 
Breckenridflre.  Col.,  loc  n  at. 
Bridges,  comp.  wt.,  767     [696 
diff  rolling  Tds.  769 
vibration  of,  447-8 
Broken-back  curves,  ex.,  870 
Burlington  train-r.   tests.  497 
Cable  8ystem,planes  for,689-93 
Cars,  centre  grav.  of,  371 
Car-wheels,  compression    of, 
usual  Am..  514  [56a 

Cattle-guard,  C,  M.  ft  St.  P., 

[770 

Centre  of  gravity  in  sags,  360 

of  rolling-stock,  371 

Chicago,  M.  ft  St.  P.  timber 

[strucs.,  770 
N.  W.  grain  receipts,  728 
Cine,  N.  O.  A  Tex.  P.  loco, 
[tests,  483  -|- 
Coal,  lump  of  unburnt,  440 
Cochituate,  L.,  rainfall,  783 
Cone,  contour  map  of.  874 
Coning,  model  for  testing,  311 
radius  of  path  wheels.  31a 
Contour  lines,  errors  in.  884-5 
maps,  finishing,  888 
nature  of,  874 
Counterweights,  loc,  447 
Couplers,  automatic,  489 
Couplings,  forces  at,  331,  303 
Crossings,  stops  at,  grades,8oa 
Cross-section  rods,  883 
Cross-ties,  theory  of  form,  775 
Curvature  and  accidents,  353 
and  tunnels,  34a  [639 

compensating,  effect,  621, 

on  low  trades,  653 
radius    of,    5**    and    10*, 

[636-40 
Curves  and  wheel-bases,  383 -i- 
checking  speed  on,  647 
comp.  safety  locos,  on,  433 
offsets  to,  deterin*g,  873 
position  truck  on,  356.  383* 
radius  of,  and  speed,  647 
rail-wear  on,  393  [646 

Curves,  sharp,  elevated  rys., 
may  save  dist..  643 
variat'ns  diM.  via,  64a 
Denver,  So.   P.  A   P.,    map. 

[etc..  695-7 
Development,  effect.  588 
examples,  6(>8-6S6'& 
Distance  and  rate  grade.  671 
and  sharp  curves,  643 
effect  on  receipts,  330 
oc.  illusions  as  to.  850 
slight  effect  lateral  dev*ns. 
total  ft  rategrade«,6«i[i3r 
via  variout  curves,  643 


Engravings 

Engravings,  Index  bv  Subject: 
Double  track,  uses  of,  693-4 
Eastern    ry.,    France,   jour.- 

[box, 511 
Elevated  ry.  curves,  646-8 
English  tunnel,  343 
Estimating,  from  profiles,  897 
Falling  bodies,  paths,  339 

vel .  of,  634  [887 

Field-sheets  for  mapping,  ex., 
Flange-pres.,  loc.,  on  curves, 

[433 
resultant,  393,  394,  399 

-wear,  actual.  308 

alleged.  307 

Foot-lbs.,  area»and  H.  U.,455 

Forces,  triangle  of.  clos'g,  537 

Forney,  M.  N  ,  mod. I,  311 

Friction,  appi.ra.us  for  test- 

/     ,  ,    u         t'"fif'9i4 
coef.  of,  light  pre^.,  504 

experimeniK   as    to,    504, 

Gauge,  effect  of,  305      [917-19 

Geometric  diagrams,  exagger- 

[aiions,  387 

Georgetown  spiral,  681 

Grade-lines,  possible  devia'ns 

[small,  189 

Grades  and  uncompM  curv., 

[635,  639 

broken,  sags  and  up*d,  634 

forces  on,  339,  536 

heavy,  of  world,  698 

long,  broken  vs.   cont's, 

momrntum,  344-f  &    [385 

of  repose  iucreas  g  speed. 

last  car,  36a  [369 

rate  of,  and  asst.  eng.,  587 

St.  Gothard  r'y,  673-3 

reduc*g  by  de vel  t,  588,668 

saves  no  dist.,  671 

resistance  of,  5^6 

sags  and  summits,  633-4 

switchback  grades,  947 

train-load  on,  553 

unif.  and  pusher.  604 

virtual,  ^.r.,  348  -f ,  703 

long,  353 

Grain  rec  is,  N.  W.,  738 

Gravity,  action  on  grades,  536 

on  diff.  paths  of  desc*t,  624 

r'y?.  *yP-  profile,  601 

Great  inclines  of  world,  698 

Grooved  wheel,  394 

Gyration,  radius  of,  730     [455 

Heat-units  and  temp.,aistinc.. 

Hemisphere,  contour  map  of. 

Hill,  J.  W.,  Inc.  test.,  461  [874  ; 

Hut.  ocul.  illusion  as  to,  846 

Imp;ict  at  joints.  561 

Inclined  punes.  forces  oa,  339 

vel.  down.  634 

types,  63o-<j^ 

Indicator  diagrams,  actual  ex- 

[amps..  476-^  : 

typical,  simivest.  45^ 

with  txxMn  .  46- 

Interlockiri:  jpp's  f.-»r  swi'ch 

[Nackv  44^ 

Inierpc4a:ing  dist..  effect  oc 

[npc:'s.  3x> 

IrcMH.  prce  of.  post.'rr 5 

Jalapa  line,  asa(x&.  e:c ', .       -f- 

Tanney  car-o(Mif 
)ottnuu-^%x.K  ' 


Engravings 

Engravings.  Indbx  by  Subject: 
TourM-box,  usual  Am.,  514  [014 
JourM  fric,  app'tus  for  lestVt 

diagrams  of,  515,  017  -|- 
Lake   Shore   ft    M.  5.   train 
[resist,  tests,  <i8 
Latitudes  and  defMurturet,  dia- 
[gram  for  comp*g,  889 
Leadville,  high  line  to,  ^5-7 
Lehigh  Valley  rail  8ec*n,  310 
Located  and  prelim,  line,  863 
Location  around  ridge,  668 

in  flat  country.  661 
Locomotives, asst.  and  grades, 
profile  for,  666        [587 
rx.  through  engs.,  604 
use  over  summitt,  689^ 
boiler- power  of,  403      [94 
Bissell  truck,  436,  429-31 
coal,  unburnt,  lump,  449 
centre  grav.  of,  271 
comp.  safety  on  curv'8,433 
counterweights,  447 
indicator  diaga.,  476-84  •— 
power  of,on  grades.552.587 
resist,  of,  prop*nal,  591 
trucks,  429  ± 
tests,  461-81 

wheel-base  dtags.,  426  + 
wts.,  769        [test,  463 
London,  Br.  ft  So.  C.  loco. 
Lubrication,   effect  on    fric, 

[9»7-9 
Manhat'n  elev.  ry  c*rves,646-7 

Mapping,  field-sheets  for,  ex., 

[887 
good  and  bad  ex.,  888 
Mexican  Central,    Ameca  r. 

[spirals,  684 
Tepic  to  coast.  676-7 
«  spiral  on.  678 
National,  Pacific  b*cb,  7S3 
Mexico- Vera  Cruz,  map,  93s 
Momentum     grades,     344-5* 

[623-5.  703 
Monte  Carlo  disaster,  253 
Mountain  grade,  Jalapta  line, 

[934-^ 
Niagara  cantilevV  brdg.,  wt* 

[etc.,  90a 
Northwestern  grain  rectt^  jsS 
Obliquity  of  traction.  301 
Ocular  illusions,  841  -4-,  665 
Offsets  appear  too  large,  665 

to  curves,  872 
Oroya   ry.  developm*ls,  679, 
Overlap,  views  of.  846-7  [684  6 
Parabola,  principle  of,  JB7 
Parallelogram  of  forces,  job 
Riiss.  oc.  illusion  as  to,  8^ 
Peruvian  r*ys,  profile,  698 
Prelim,  and  located  line,  169 
Prices.  fluct*ns  in,  763 
Profile  condensed,  ex.  of,  S6a 
estimating  from,  897 
Jalapa  line.  938  ^53 

of  badly  recoonoiCd  liaei 
Tinual,  pass  ,  348  -f 
frt..  35a  -4- 
kmg  grade.  355 

*>C%  356  + 
Pttlley  sod  mpc,  30s 
RadiatioQ.  effea  00  cjh^  476 
""      "  ged  comer  wcsr,  30J 
wteeia,    posiiioas, 
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Engravings 

Bncravings,  Index  b\  Subject: 


Rails,  bendinfc  of,  493.775 
compression  of,  5 
price  of,  past,  763 


56a 


section,  L.  V.,  310 

sections,  worn,  393 

strength  of,  ty^ 

yielding  of,  493 
at  joints,  561 
Rainfall,  past  30  yrs.,  783 
Rates,  dec.  in  U.  S.,  727,  33-5 
Reconnaissance,  ex.  of  bad, 

manner  of  makinfir,  838 
Resultant,  flange  press.,  393 
Ridge,  low,  loiTg  over,  661-4 
Rise  and  fall,  on  grades  and 

[level,  366 
worst  class  of,  371,  377 
Rolling-load,  comp.  effect,  767 

diags.  of,  769 
Sags  and  summits,  363,  633-4 
ccntrf  of  grav.  in,  360 
motion  through,  356  -f- 
filling  up,  806 
in  long  grade,  62^     [673-3 
St.  Gothard  r*y,  pronles,  etc.. 
Slopes,  oc.  illusions,  843-9 
Speed,  check'g,  on  curves,  647 
increas*g.  virt'lproriIe,369 
Sphere  rolling  on  plank,  308 
Spirals,  Ameca  river,  684 
bridge  Sl  tunnel,  typ'l,  679 
biidge.  Mex.  C.  ry..  678 
Un.  P..  G'lovvn,  680-2 
St.  Goihard  ly..  672-3 
Stations,  grade*,  at,  801  4- 
gradcs  belc  v,  791 
on  grad*  s.  801,  803 
Stops  on  switchback.  947 
Stop-watches,  mounting,  796 
Stroudley,  Wm.,  loc.  test,  463 
Summits,  stations  at,  805 

types  of.  689.  693 
Superelevation,  effect,  298 
Surveys,  when  to  make,  exs., 

,        [859 
Switchbacks,  grades  for,  947 

Peruvian,  685-6 

sketch  of  principle,  94^ 

switches  for,  9^6  \\ll 

Temperature  and  H.U..  dist'n, 
Tepic,  descent  from.  676-7 

spiral,  678  [map,  ex.,  888 
Topography,  good   and    bad 

law  of  dif.  in  slopes,  588 

taking.  883 

errors  in  do  ,  884-5 
Towns,  loss  dist.  going  to,  859 
Track,  yielding  of.  493 
Train-load  on  grades,  552 
Train-resistance  tests,  497,^18, 

[521 
Traffic,  gr'th  of.  U.  S.. 727.33-5 

law  of  growth  of.  712  — 
Traffic  points,  eflfect  of  multi- 
[plying.  708  + 
Transition  curves,  nature  of, 

use  of,  exs..  870-2  [869 
Trestles,  iron,  effect  ht..  902 

wood,  C  M.  &  St.  P.,  770 
Trunk  lines,  Mexican,  72^1  [306 
Trucks,  Ijfth.  of.  effect,283.287, 

position  on  curve,  256.  282 

rotation  on  curves,  386 

swing-motion,  439 
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Engravings,  Index  by  Subject: 
Tunnels  and  curvature,  34a 

ex.  of  avoiding,  668 

spiral,  673-84 
Union  Pacific  spiral,  681 
Valley  lines,  oc.  illus'ns.  848 
Vertical  curves,  theory,  386  -f- 

examples,  389  -f  [703 

Virtual  grades  and  actual  ex., 

descend  *g  grade,  ^69,  799 

level,  passV,  348  +,  35a -h 

sutions,  80X-2-S  -f- 

theonr  of,  348  -j- 
Way  traffic,  eflfect  inc'g,  708  -f 
Wellington,  fric.  diags.,  917 

train-resist,  diag.,  518 
Wheel-base,  length,  effect,  306 

long,  on  curves,  383,  387 
Woodbury ,C.  J.H.,  fric.  tests, 

[5<H 
Work  and  stress,  distinct.,  A55 
Worse  country  than  it  looks, 

[849 
Entrained  water,  los&  by,  470  + 
EnginetTy  Thty  on  great  inclines 

[of  world,  ^699 
on  train  resist.,  pass.,  537 
Engineering,  cost  per  mile,  N.  Y. 

[C.AH.R..*7i 
deflnition  of   i  [two,  359 

Engineers  and  am't  of  curvature, 
errors  among,  880  [654 

needless  as  to  grades,  659 
have  first  chance  at  co.  funds, 
locating,  av.  work  of,  583-4  [34 

province  of  the.  17 
untrained    and    half-trained, 
[ests.  by,  834 
F  iginemao  controls  breaking  in 

[two.  359 
do.  slipping  drivers,  g.v.^ 

[159 
Engine-mile  and  train-mile,  ratio, 

„      .  [*M5 

Engine  wages,    q.v.^    per    tram 


{Set  Loco.,  Steam.) 


per    If 
[mile. 


•M7 
English  practice  as  to  curvature, 

[343 
designation  of  curves,  366 
r'ys.  growth  of,  •79 

loco,  and  car  exp*s,  ^148 
motive-power    exp.      de- 
[lails,  ♦147 
pass,  trains,  on.  96 
ratio  eng.  and  train  miles, 
statistics  of.  *79  [*i45 

i'^ee  Great  Britain.)  [425 
Equalizing  lever,  loco.,  q.v..  431, 
Equanimity  essenM  to  success,  840 
Equilibrium,  theory  of,  536 

stable,  282  fR.  ♦71 

Equipment  cost,  N.  Y.  C.  &  P.  R. 
per    mile  sections    U.  S., 
{See  elsewhere.)  [^80 

Equivalent,  (s^^ Virtual  Grades) 
Erection,  bridges,  cost.  90s 
Erie.  {See  New  York,  L.  E.  &  W.) 
Erosion,  water,  effect  of.  684 
Escandon,  A.  &  Mex.  Ry  .  929  [♦41 
Estimate  of  future  r'y  construe, 
of  future  traffic,  method,  24,  76 
preliminary  895  ' 

precision  not  impU,  895 
two  opposite  errors  in,  834 
Europe,  cheapest  r'ys  in,  ♦45 
growth  r'ys,  *^% 


Eur-Exp 

Europe — Continued. 

pass,  trains  in,  96  P45 

pop'n,  r'ys,  wealth,  etc.,  •a7, 
rolling-stock,  traffic,  etc,  '43 
terminals  in,  837 
European  car  resistance,  *5oa 

rolllng^tock  on  curves,  a^ 
Evans,  W.  W.,  paper  by.  691  \f26t 
E  vansville  &  T.  H . ,  align*i  sutist.. 
Evaporation,  loco.,  f .v.,  av.  rate, 

as  aiTd  by  rate  com  bus., 
sources  of  loss,  ^456    [450 
per  lb.  coal,  av.,  156  ft 
per   sq.    ft.   grate,   rate, 

[•464+ 
H.  U.  from  and  to  Tarioui 
[temp..  •450 
stationary  g.v.  engines,  *53i 
Excavations,  earth,  893-5 

shallow  rock,  868 
Exhaust,  work  of  piston  on,  473 
Expansion,  period  of,  def.  458 

theoretical  gain  by.  467 
Expenditure  on  const  c*n,  ^.v.,  15 
Experience  and  am't  curvature, 
and  grades.  583-4.  659        [654 
Experiments  as  to  adhesioo,  443 
air-brakes.  390 
bridge  vibration,  447 
brake  efficiency,  434 

max..  495 
coal  per  1     P.,*46o  A 
coning,  eli  ct  on  pos'nwheeli, 
Corliss  enirine  fric.  533     [a8s 
curve  resistance,  306  h 
sharp  curves,  397  ft 
entrained  water,  470 
falling  bodies,  laws,  339 
friction,  brake,  390 
friction,  laws,  503  -(-,  913  ft 
fuel  consump  ,  light  Iocs.,  131 
grate-area  efficiency,  484 
greasing  flang*',  516 
kindling  fires  300 
locos,  fuel  combustion,  464 
head  ret ist.,  *53o 
high  spred,  473 
horse-rower,  451,  466 -f- 
p'rf 'm  e,  •461  -f-,  •476-84  ft 
relative  resist.,  531,  379  ft 
running  light,  137 
tract,  power,  437,  55s,  701 
loose  wheels,  306 
narrow-gauge,  306 
path-coned  wheels,  309 
radiation,  313 

internal,  473 
rail-wear,  119,  394,  330,  380 
slide-valve  fric  ,  1(33 
slip,  imperceptible,  445 
slipping  wheels  on  curves,  s8> 
speed  of  freight  trains,  370 
steam  press.,  economy  of,  474 
train  resist'n'e.  497  -\-,  909, 9U1 
elements  of,  517  -|- 
high  speed,  536  -\- 
trucks  on  curves,  38a 
wheel  pressure.  las 
Experiments  by  Abbey,  H.,  443 
Baldwin.  O.  H.,  445 
Boston  ft  Albany,  53a 
Chanute,  O.,  133, 536  — 
Clark,  D.  K  .  473,  474 
Cloud,  J.  W.,  385 
Colbum,  Z.,  437 
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Exp-FII 

Experiments  by— Continued. 
Gushing,  G.  W.,  552 
Delatficld,  M.  F..  533 
Desdoint,  M.,  521,  528,  535 
Dieudonn^,  etc..  443,  533 
Dripps.  I.,*279 
Dudley,  C.  B.,  320,  380 
Dudley.  P.  H.,  370,  518 
Emery,  C.  E.,297 
Forney,  M.  N  .  309  -f- 
Galton.  D  ,  290,  434-5,  495 
Hill   J.  W.,  •445.  Nei  +.  ♦5»6 
Hudson,  C.  H  ,  701 
Galileo,  333 
Guebhard.  etc.,  443,  533 

V^^^?}^A  8-  "  •  »97,  443 
Mane,  G.,  464,  470 

Morin,  A..  503 

Rabeauf,  M.,  445 

Regray,  M.,  466 

Rhodes,  G.  W.,  497  4 

Ricour,  M..  527 

Robinson,  S.  W.,  447 

Sedgeley,  J.  H.,  313 

Smith,  C.  A..  445,  47s 

Sprague,  F  J    559 

Stroudley,  W.,  X37,  «oo,  451, 

[460,  526 

Thurston,  R.  H.,  504  -f-.  9>7  + 

Tower,  B  ,  504  -f ,  917  -f 

Vuillcmin,  etc.,  443.  3^3,  535 

Wellington,   A.    M..  282,  293. 

,.r    ['97;  320,  380.  504.  904.  9'3 

Wells.  R.,  137,  306       [435,  495 

Wcstinghousc,    G.,   290,   434, 

Woodbury,  C.  J.  H.,  504  + 

Exploration  line,  860 

Export  traffic,  relative  impVt'n'e, 

grows  less.  615  [*io5 

Southern    States,    triangular 

[course.  615 

Exposure,  effect  on  car  and  eng. 

[reps.,  ♦203 
Extra  haul  not  a  burden  on  traffic. 
Extra  freight  trains,  los  [61 

Eye  for  country,  acquiring,  23, 

[834,  876  Sl 
ocular  illusions,  84a 

Fairlie,  R.  F.,  inv.  narrow-gauge, 

locos.,  def.  and  use,  424     [424 
ex.  of  heavy,  410 
in  Mexico.  932 
Falling  bodies,  laws,  338-9  ft 
Falling  down-stairs,  deaths  frotn, 
False  summits,  836  [357 

False  works,  cost  of.  005 
Farmer,  and  steep  hill,  656 

inspecting  grades,  663 
Farms,  U.  S.,  \alue,  *25 

machinery  on  do.,  value,  *a5 
Far  West  States,  area,  pop.,  earn- 
ings per  mile  and  head,  etc.,  '91 

gen.  r'y  statistics,  *88.  *9o 

maint.  way  exp.  details,  *i28 
Feat,  sci.  skill,  marvellous,  93a 
Fell  system,  fric.  r'y.  690 
Fences,  cost  U.  S.  sections,  •128 

maint.  Chicacro  lines,  •174-6 
sections,  U.  S  ,  ♦170HS 
trunk  lines.  '172-6 

p.  c,  coat  to  total.  '757 
Field-sheets,  mapping,  q.v.^  886 
Field-work  of  surveys,  g.v.,  860 
Fills,  and  cuts,  balanc*g.  895 

locat*g  culverts  in.  851 


Fil-Fra 

Fills  and  cuis—Conitnued. 

min.  height  tor,  893 

nature  makes  in  valleys,  850 

prove  deeper  than  expected, 

should  exceed  cuts.  893     [851 
Finland,  cheap  r'ys  in,  '45 

Iocs.,  no.  and  work  of,  *i6o 
Fire,  accidents  from,  '347 

and  r*y  accidents.  358 
Fire-box,  loco.,  ^.».,  life,  %19-ao 

ladiation  g.v.  from,  313 

sheets,  fractures,  '430 

siie,  *407-4io 
Fisher  rail-joint,  123    [miles,  *i8i 
Fitchburg   r'd,  p.  c.    switching- 
Fittings,  loco.,  cost  new,  det*lf, 

[* I 50-1-3-4-5 

wt.  and  cost,  '^is  -|- 
Fixed  charges,  def  n,  33 

nature  of,  106 

rel.  amt.  of,  43-4-5  ft 
Flag  for  trains,  how  carried,  xda 
Flange,  best  form  of,  307  -f- 

FRiCTioN,  291 

greasing,  effect.  516 
independent  of  rad.,  391 

pressure,  391 

and  centrif.  force,  369 

CONCLUSIOHS  AS  TO,  304 

effect  of,  394 
independent  of  rad.,  393 
resultant  of,  393 
sharp,  proportion  of.  •317 
wear,  erron.  views  as  to,  307 
Flat  cars,  dimens..  etc.,  *486-7 
Flint  ft  P.  M.,  loco,  perfce,  ^^S 
Floating  capital,  U.  S.,  value,  *35 
Floods,  accidents  from,  ^347 

in  valleys,  ^.r.,  783  [•304 

Floor,  frt.  car,  cost  and  deprec  n, 
Florida :  area,  popu.,  sidings,  p.  c. 
opg.  exp.,  earnings  per  mile  and 
head,  *9o ;  wealth  per  cap.,  *36 
Fly-wheel,  energy  of,  334 
Fog,  as  cause  otaccidents,  354 
Foot-pounds,  exprn  of,  338 
of  work,  and  grades,  339 
Foot  travel,  illusions  from,  850  -|- 
Forces.  triangle  of,  536 
Foreclosed  lines   pass  far   from 
Foreclosures,  r*y,  39       [towns,  68 
Foreign  countries,  pay*ts  per  head 

[to  r'ys,  ♦105  ft 
Foreign  haul,  effect  on  value  of 

[dist.,  339 
rys.,  gen.  sut.,  •37,  •43-4 
Foreshortening,  oc.  g.v.  ill'n,  843-}- 
Forgings,  prices.  Am.  ft  Eng.,*4i6  1 
Forney  loco.,  ^.v.,  def.  and  merits,  i 

[423  ' 
Forney,  M.N., Catechism  of  Loco., 

on  rail -sect  ions,  307  [433 

record  wt.  loco,  parts,  '414 

Fortress,ancient.in  Mex..943  [*26i 

Fort  W'ne,  M.  A  C,  align  t  sut.. 

Fractional  sta'ns  and  prelim,  ests.. 

Frames,  loco..  f.t».,  cost  new,  etc., 
weight,  414   r*i5o-i-2-4-5 
France,  exp'ts  on  adhesion,  443 
journal-boxes  in,  510.  515    [45 
popu..  r'ys.  wealth,  etc.,  37.  43. 
loco,  drivers,  siie,  535        [445 
imperceptible  slip  exp'ts, 
no.  and  work  of,  *i6o 
repr.  details,  '145 


Fra— Fue 

France — Coniin  u*d. 

loco.driver8,tests  of,  531.533-4- 
railway  manage't  in,  ^575 
safety  in.  358 
system,  growth  of,  44 
rec'ts  per  inhabt.  pass,  and 

[frt,,  ♦xos 
rolling-stock,  traffic,  etc.,  43 

details,  521 
train-loads  in,  and  Am.,  syj 
train-resist,  tests,  531,  538 
Francis.  Chas.,  diagram  by.  889 
Free    omnibuses   and    errors  of 

[location,  54 
Freight   and   pass.    locos.,   ^.v., 

[tire  reps.  ^149 
Freight  cars  q.v.  per  mile,  sects. 

[U.  S.  '89 
world,  43 
earnings,  ^.v..  thro*  and  local, 
[sect'ns  U  S.,  •?3t 
per  head,  do.,  93-4 
Ions  of,  world,  *43  [U.S.^*i8i 
traffic,  f.v.,  p.  c.  of,  sections, 
trains,  q.v,^  no.,  load  and  haul, 
[U.  S.  sections,  ^ 
growth  of  load,  98-too 
Fremont  pass.,  '700 
Freshets  and  structures,  781 
Freycinet,  est.  by,  loco,  rail-wear, 

[taa 
Friction  and  heat,  journals,  314 
app*s  for  test*g  in  lathe,  914 
as  affected  by  area,  395 
by  lub'n,  509,  917-9 
by  press.,  504-5*  9«7-9 
by  temp're,  •sos 
by  coet.  fric,  time,  ^390 
by  velocity.  389,  913 
bath  lub'n,  509, 918 
brakes,  q.v.^  av.,  494 
brake-shoes  and  wheels,  ^990 
car-wheels.  389 
driving-wheels,  ^35 
loco.,  o  r.,  •539 -f-« 
Morin  sexp'ts,  503 
of  rest,  930 

rotative,  wheel  on  rail,  S91 
skidded  wheels,  *a9o 
slide-valve.  53a 
starting,  q.v.^  919 
stationary  eng..  *53i 
Friction-grip  r'y.  origin,  etc.,  691 
Frogs,  acciaents  from,  *a46 

and   switches,  cost,   variow 

[roads,  *t9o 

Frost  and  broken  rails,  356     P409 

Fry,  Howard,  and  W.  S.  engines, 

on  English  coal  coosump.,  133 

Fuel,  consumption  of,  133 

as    affected     by  compM 

(enff.,  B33 

train-length,  ^136 

due  to  head  resist.,  530  — > 

English    and  Am.,  why 

[dill.,  ,34 

per  mile,  ^519 
cost  of,  133 

as  affected  by  curr.,  313 
distance.  199 
radius  of  curve,  639 
rise  and  fall,  375 
temperature,  314 
wt.  of  engine,  ^ 
wt.  trains,  568 
woiic  done  by  cnff^  376 
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Fut-Cra 

Fuel,  co«i  oi—Continutd, 

causes  of  variation.  158 
C,  B.  &  Q.,  tendency  on. 
per  ton-mile.  *i 47         [157 
Chicago  rds..*x74-6 
sections.  U.  S..  ♦170-6 
trunk  lines,  •172-6 
ejected  from  smoke-siiack,  449 
heat  units  in,  *4so 
high  and  low  speeds.  539 
per  car-mile,  P,  R.  R..  ♦140 
H.  P..  actual,  *^bo 
stationary  engines,  531 
theoretical.  '460 
train-mile    P.  R.  R.  lbs., 
cost,  •140  [*i4o 

rate  of  combustion,  449 
terminal  WH.stage  of,  300 
wasuge  of,  by  blast,  449 
wood  as,  139 

amt.  burned  P.  &  R.,  *2oo 
Furniture,  U.  S.  value,  'as 
Furniture  car,  C.  &  N.  W.,  •490 
Future   growth,  q.v.^  of    traffic. 

[est'g,  24 
not  to  be  est*d  far  ahead, 79 

a,  value  of,  332 

Gallon,  D..  exp*is  on  brakes,  290, 
Gauge,  defn.  284  [434-S.  495 

and  curve  resist,  305 

[751 
narrow,  q.v.^  pros  and  cons, 

tight,  effect  on  wheels,  283 

General  and  sta'n  expenses,  118, 

[178 

SIS  affected  by  distance,  206 

considerable  diff's,  aio 

no.  trains.  568 

of  car  repairs.  160 

of  loc.  repairs,  *i45-7 

General  officers  and  clerks,  cost, 

[Chicago  r'ds,  *i74-6 

sections.  U.  S..  ♦170  6 

trunk  lines.  •172-6   [lence.  832 

Geometric  and   comroerc'l  excel- 

dia)2^r.ims.  exagg'd,  387 

Georgetown,  spiral  at,  680  -|- 

Georgia.     align't     statist..    •264: 

area,   pop*n,  sidings,  p.c.  opg. 

exp.,    earnings    per    mile    and 

head.  ♦90;  wealth  per  cap,  ^26 

Georgia  r'y,  align't  statist.,  ^264 

miles  and  earnings,  ^719 

pile-driver  car,  ^490 

Germany,  aiign't  statist.,  ^265 

axle  boxes  in,  515 

coal  consumption  per  m.,  13s 

growth  r'y  system,  44 

locos.,  life  of.  ^419 

no.  and  work  of,  •ido 

high  steam-press..  •519 

populHi    r'ys,     wealth,    etc.. 

ir^7,  Na.  *45 

rolling-stock,  traffic,  etc.,  ^43 
Giovi  r'y  grade,  ^699 
Gondola  cars,  dimens..  etc.,  •486-7 
'Good   times*    and    r'y    constr.. 

[761  & 
Gothard   r'y,  condensed    profile, 

[698-9 
Governing  points  for  grade-lines, 

[675 
Grading,  p.  c.  cost  to  total,  •7C7, 

filling  by  train,  773.  806    [•833 

co6t  of,  vs.  rail-sections,  749 


Gradts 

Grade-contour,  def  .  874 

examples,  678,  684,  888 
horiz  1  approx.  to,  error, 

use  in  projecting,  890 
Grade  crossings  and  curve  limits, 

[65s 

AND     INTERLOCKING,     790, 

old  lines,  809-3      [809 
laws  as  to,  8ta 
Grades,  accidents  on,  049 
and  riuctuating  vel.,  346 
and  rise  and  f.,  distinct.,  337-9 
as8t.  eng.,  q.v ,    laying  out, 

[596,  600 

bad  not  always  cheapest,  583 

balance  of,  for  asst.  engs.,  591 

for  unequal  traffic,  608 

diff.  for  each  class  traff., 

example,  617  [617 

errors  in  computing,  61 1 

practical  consid'ns,  611 

table    for     all    con- 

[ditions,  612 

breaks  of,  measure  cost  rise 

(and  f.,  384 
bunched,  585  -f ,  618 

(See  Asst.  Engines.) 
changes  in,  comp.  effect  with 
[diff.  locos.,  555 
choice  of,  659 

GENERAL  RULE  FOR,  66o 

comparison    of    pusher    and 

[uniform,  604  -)- 

cost  of.  560 

as  aff'd  by  r^th  division.  573 

cheap  pasK.  traffic,  580 

conclusions  as  to,  573 

diff.  for  through  and  pusher 

[gr.,  ex.,  674- 

due  to  work  not  done.  589 

interest  charge  on  new  Iocs  , 

[570 
per  daily  tram  and  ton-m., 
[compar'n,  ^574 
French  est.,  *576 
German  est..  576 
value    of   avoiding   in- 
[crea.se,  574 
de/acto^  def'n,  543.  515 
descending,     when      brakes 
[needed,  371 
disadvantages  not  visible,  343 
effect  on  loc.  and  car  repairs, 

(^•203 

on  net  traia-Id.,  diag., 

.     .      .  ^55' 

on  tram-load,  536 

estimating  by  eye,  844  -|- 

fixing  rates  of,  8^3 

and  inundations,  783 

high,  causes  favoring.  671 
expedients  for  red'g,  675 
great  inclines  of  world, 
[•698-9,  *7oo 
handline  tr;4ins  on,  difi'y, 
p.  c.  wt.  eng.  on,  669 
rel.  train  Tds  on,  '669 
speed  on,  369 

how  exprcs.sed.  537 
in  England.  538 

humps  in,  dangerous,  367 

hydraulic  grade  line,  635 

improving,  and  more  traffic, 
[com p.  value,  iia 
double  track,  806 


Cradet 

QtxzAt%— Continued. 

improving,  loco,  q.v,  design 
[an  obstacle,  478  — 
on  old  lines,  788 
inherent  objections  to,  398 
irregular,  effect  on  pass.  tr*ns, 

length  of,  effect  on  virt.  pro- 

per  sta.,  horiz.  and  along 

[slope,  ^341 

level,  hardly  exist,  ^51 

limit'g  elTt.  and  rail-wear,  37* 

lociiiing,  held-work  for,  865  •( 

selecting  rate,  675 
long,  errors  as  to,  399 

longest  in  the  world,  995 
switchbacks  for,  943 
loss  of  wt.  on,  539 
low,  adapting  to  topog'j,  665 
com  pens  V;  for  curves,  690^ 
projecting,  660  [6sa 

reducing,  66s 
wrong  use  of,  671 
momentum,  def.  and  ex.,  344 
motion  of  trains  on,  349  ■\- 
objections  to.  two  distinct,  3S7 
of  repose,  def.,  ^41 
table,  •358 
French,  ^599 
pass.,  all  speeds,  ^579 
last  car  in  sags,  369 
one  p.c,  effect,  changes  in,  00 
[loco,  mileage,  ^557 
pass,  locos,  aff'd  little.  479 

PER    CENT    CHANCE    NET    LOAD 
[OUK   TO  CHANGES,  554-7 

projecting.  890 

descent  ag'st  valley  slope, 

GENERAL  R17LE  FOR,  66o 

lifting  bodily,  893 
long  g's  dangerous,  893 
over  streams.  893 
selecting  rate.  675 
shallow  cuts  bad,  196,  893 
prop'n  traffic  affected  by,  576 
rate  of.  as  aff'd  by  care,  659 
and  light  rys.,  758 
effect  on  cost,  minor  de- 
.  [tails,  581 

titling  to  ground,  ex.,  670 
improving  old  lines,  785 
order  of  importance,  7M 
projecting,  893 
p.  c.  wt.  eng.  to  train,  aU 
[grades,  669 

PER    MILE    AND    P.     C, 

small  imp  ce  with 

[pushers,  •587 

KBDUaNG,  BY  LOWER  PASS. 
[SPEED,  570 

by  more  care,  ex.,  667  A 
relative  imp'ce,  ex.,  395 

net  load  on,  ^574 

train-load  for  all,  ^669 
resistance  of,  536-40 

effect  on  gross  load,  540 

on  net  load,  541 
formulae  for,  540 
gain  by  concentrat'g,  ^587 
now  determined,  339 
rolling  f rict.  adds  to,  341 

r,  din.. 


nsing  above  and  below, 
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Qradet 

Grades — Continued. 

ruling,  AND  LIMITS  or  curva- 

[tukb,  65a 
effect  on  pass,  trains.  577 
devices  for  reducing,  659 

NATUKB  OP  KXPKNSB  PROM, 
.  .  ^587  + 

pusher  vs.  through,  667 
rule  for  reducing,  665 
60  tt.  and  6*  coinD'n,  656 
speed,  slow,  effect,  629 
stations  on,  788  + 
starting,  TO  BLiM.  sxtra  pric, 
station,  f. v.,  788-^  [513 

and  pass,  trains,  491 
statistics  of,  U.  S.,  States,  etc., 

1*259 
■lopi,  q.v.^  on,  *5t9 

importance  of  (elev.  rys.), 

[•558-9 
switchback,  947  + 
train-load  on  all,  por  all 
[locs..  •543  -f 
fsmall  table),  ^593 
undulating,    q.  v.,    and    im- 
[proving  old  roads,  799 
eliminated  oy  speed,  348 
error  as  to,  399 
little  eff'i  on  pass,  t'ns,  599 
on  light  railways,  755 
safe  limits,  356 
uniform,  hard  to  secute,  586^ 
virtual,  q.v.y  and  actual,  diff., 

[543.  55 « 

length  makes  no  diff.,  799 

starting,   ex.  of    compu- 

[tation,  ♦559 

Grading,  abandoning  old,  cost,  787 

Grain,  bushels  of,  per  mile  r'y,  *9o 

Northwest  receipts,  738 
Grand  Central  sta.,  N.  Y.,co8t,  70 
Grand  Trunk,  cap*l  and  earnings. 

[♦107 
competitive  disadv's,  940 
Grate  area,  loco.,y.v.,  act*l,*407-io 
H.  P.  p  sq.  ft.,  expt.,  484 

limits  for,  451-3 
wt.  on  drivers,  p.  sq.  ft.,  459 
3ravitv,  acceleration  of,  333 

action  on  incl'd  planes,  339, 536 
railways,  nature  of,  and  ex., 
rail-wear  on,  19a         [691 
tests  of  train  res.,  497        I194 
Great  Britain*  cross-tie  practice, 
curves,  mode  of  design'g,  966 
curves  not  compens*d.  631 
fastest  trains,  and  Am.,  '539 
fuel    f.v.    cottsump.  in,  and 
[U.  S.,  131-3 
cause  of  diff.,  134 
expenses  per  mile  road,  116 
grades,  modes  of  expr'g,  538 
growth  irafllc,  f .v.,  131-3 
locos.,  f.r.,  comp.  safety  on 
(curves,  434 
duty  of,  comp.  with  Am., 
life  of  parts,  ^tQ  [•isq  &  ' 
maint.  per  vear  per  eng.. 
[and  Am.,  ^159 
p.  c.  labor  and  maier'l, 

[•«S»  A 
no.  and  work  of,  ^159-^ 
scrap  value,  aao 
type  of  wheiel-baae,  4st 
wt.  and  cost,  and  Am^ 
at  to^  •4»*  £•*«•+ 
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Great  ^xxXaXtt— Continued. 
no  grade  crossings,  810 
op*g  exp..  cts.  and  p.  c,  ^178 
pass,  speed,  why  higher,  ^530 
p.  c.  op'g  exp.,  'no,  •178 

recent  tenaency,  1 16  [*xo5 
rects.  p.  inhab.  pa.ss.  and  fgt.. 
switching-mileage  prop'n,  135 
terminals,  f  .v.,and  term,  exp  , 

[837  & 
train-mile  cost,  etc.,  *ii6 

Vignoleson,  187 
wages  in  and  Am.,  ^151 
Great  Eastern  r*y.  locos.,  cost  and 
[miles  per  yr.,  •159 
traffic  and  fuel  consump.,  ^131 
Great  inclines  of  world.  *698r-9 
Great  North,  ry.,  fastest  trains, 

[♦599 
locos.,  cost  and  miles  per  yr  , 
repr.  details,  *x^i      [•isg 
Great  So.  A  W.  ry. 

locos.,  cost  new  details,  155 
per  ton,  details,  *4ii 
repairs  in  detail,  *i44-5 
and  renewals,  146 
many  small  details.  149 
p.c.  labor  and  mat*ls,  ^159 
wt.  and  cost  in  detM,  *4i6 
motive-power  exp.,  ^133 

details,  *i47 
wages  in  shop,  *i5i 
Great  svstem  of  r'y    U.  S.,  •719 
Great  Western  r'y,  fastest  trains, 

[•5»9 
locos.,  cost  3uid  miles  p-rr  yr.. 

.    ..   P'55»;«59 
p.  ton,  det  Is,  ^155,  *4ii 

repr.  details,  ^145 

motive -power  exp..  details, 

it.        ^*     .  [•«33»*«47 

traffic  and  fuel  coosump.,  *i3i 

Green  river,  fall,  S41  [533 

Grossman,  J.,  on  iubricatioo,  51^ 

Growth  of  r'y  system,  world,  '43 

traffic,  f  v.,  irregular.  85 

how  to  estimate.  87 

ratio  to  rate  interest,  85 

TO     BE    CONSIOBRBD  ONLY 
[POR  3  TO  5  VRS.,  80,  85 

in  no.  engs..  Engl.,  ^145 
of  train-load,  f  .r.,  *97-iox 
Guadalajara.  Mex.  Nat.  loc^  to. 
Guessing,  effect  of,  658  A        [793 
Gulf  Sutes :  area.  pop*n,  earn  gs, 
[p.  m.  auid  head,  etc,  ^91 
fall  rivers  in.  81 1 
gen.  r'y  statistics.  *88 
pass,  and  fit.  haul  and  tntio- 
[Pd,  etc,  •97 
(See  South  ) 
Gyration,  radius  q.9.  of,  739 

Hachures.  use,  873 
Hackmen  profit  by  bad  loca  io:i. 
Hammer  blow,  447  (6a.  ca,  68 

Hand-level,  use  of.  8^8,  847  i*36< 
Hannibal  &  St.  J.  a'ign't  statist, 
Harlan  &  Hoi.  Co.  pass.  car.  %9i 
Haul,   extra,   not   a   burden    on 

[traffic  61 

pass,  and  freight  C.  C,  C.  A 
[l.,  19  yrs.,  »X4-5 

U.  S.  and  States,  *97,  *it«. 

L.  S.  *  JIL  S.  do..  «^ 


Hau-lll 

Haupt,  H.,  on  asst.  engines,  585 

on  inclined  planes,  944 
Head  resistance  table,  599 

effect  on  fuel,  ^30  — 
Headway  of  trains,  det.  and  elcr. 

[r'ys,6if 
Heat  from  joumal-fric,  f .v.,  314 
Heating  surface,  various  tocon, 

[♦407-10 

Heat-units  and  temperature  dis> 

in  fuels,  *45o      [tinction,^454 

in  steam,  various  press.,  'ijf 

Heavy  construct*n,  ^ .v.,  error  iL 


fn 
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Highways,  errors  resulting  frofli, 

[835.  ^ 
examples,  667,  853, 936 

grades  of,  illusions,  844 

old  Mexican  road,  941 
Higley  roller  journals,  993 
Hill,  A.  F..  loco,  test  by.  445 
Hills,  propinq*ty  of,  oc.  illu^  I46 
Holland,  align *t  statist.,  *s65  [*4S 

pop'n.  r*ys,  wealth,  etc.,*i7, 
Hof^r  cars,  dimens.,  etc,  ^48^ 
Horizon,  best  line  lies  beyond,  937 
Horse<ar8  benefit  by  bad  loeo^ 

[60,  Mi 
traffic  of  N.  Y..  •714 

per  inhab* t,  ^714 
Horse-power,  cost  of,  statioMry 
definition,  «8,  403  [«««•.  •53« 
effective  and  indtc*d,  464 
increases  as  r*,  ^599 
lbs.  steam  per,  loco.,  456  -f 
stat*o*y  eng.,  •531 
theoret'l,  all  press.,  ♦iti 
min.,  fuel  per,  469 
per  sq.  ft.  grate,  451,  484^ 
to  utiliae  full  adhesion,  *«ss 
Horse  r*y.  longest  in  world,  9f 
Houses,  u.  S.,  value,  95 

and  r*y  accidenu.  958       [^f 
Huayacaa,  Co^illode,  af  jr.«ls  st, 
Hudson,  C  H.,  loco,  lestt  by,  yoi 
Hudson  river,  fall,  841 
ocular  illus*n  on.  84B 
water  of,  pu:ity,  ^378    , 
Huds.  R.  Rd.,  aligouient  static* 
level  grades  <?.  397         [*I9| 
{See  New  York  C  4  H.IL) 
Hut,  ocular  fllns*n  as  to,  847 
Hydraulic  grade-line  and  iSf^lk  v- 
Hyperbola,  locvs  of ,  404    [v^Pl'  ^^ 


Ice  and  snow,  cost  doe  to,  is6 

Iaah3 :  area,  popa.,  aadwgs,  pii  6 

r4)g.  exp,  earnings  per  mOtiM 

bead,  ^90 ;  wealth  per  cafK,  V 

niegitiasate  r*y  enterprises,  14 

Illinois :  alignment  statist.,  *sCi| 

area,  popa.,  sidings,  p.,c.  oM 

cxpL.  eammgs  per  ailt  Mi 

interlocking  law,  814 
water  in,  quality,  ♦^ 
wealth  per  cap.,  «6 
miaots  Cent.,  align*t  siatiM,  *sit 
tncts.  in  sto^,  ^46 
loco,  old,  wt.  in  dctn,  ^414 
aaint.  way  exp.  I»y  iteas,*is» 
nules  and  cnre'gSL  *7i9 
opg.  exp.  and  tfains  ptf  M 
rates  on,  fan  of.  •nfi      ("^ 
tl^*ioi 
r,f.w,,t4S 
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Locft-Loeo 

Local  tmfBc.^.v.,true  classifi.,  an 
•fleet  distance  on,  913 

Locating  eoirineer,  ^.r.,  altitude 

[of  mind,  ai,  831  -|-,  840, 855  A 

end  of,  %  \kq.v.\  684 

Lacation  and  transition  curves, 
aptitude  for,  and  topoff'y,  880 
art  of,  lies  in  choice  of  route, 
vt.  practice  in.  4,  583         [840 
bad,  reasons  for,  4  -{- 
care  in,  and  ami.  curT..  656  ft 

CHOICB  OP  ROUT8  WHBN  CLOSB, 

[583 

freer  with  sharp  curves, 
CONDUCT  or,  831  [656 

correct'g  by  trans*n  curv..  870 
curve  limit  and  topog*y,  654 
difficulty  of  good  prac.   m, 

[a  +,  9«* 
•fleet  on  rev.,  48 
•rron  in,  ft  cont*r  maps.  876 
bow  originate,  638 
worst  in  recon  sance,83a 

GKNBaAI.  RULBS  FOR,  660,  694 
UNB  ALWAYS   BXISTS,  839,  84c 

marvellous  feat  sci.  skill,  039 
office  chair  loc*n.  880  —     [987 
old  lines,  common  errors  in, 
over  prairie  ridge,  661  + 

paper,  Y.f.,8««  + 

party  for,  867  [398 

possible  effect  of  electricity, 

prDJcct*g(/.v.)  AD<1  niapping, 

[886,  890 

BULB        POB,      IN        MUDBRATB 
[COUNTRV.  694 

running  in  the^  867  [698 

sharp  curves  give  new  routes. 
Western  States,  errors  in,  6, 
[91,  •963,  330,  588.  660 
Loch  Katrine  water,  punty,  '378 
Locomotive  engine,  399 
adhesion  or;  434 
AMT.  OF,  435  4- 
computing  from  Tds,  444 
dcfic*y,  how  shown,  405 
effect  of  changes  in,  '440 
eap'tt  as  to,  434  -f 
cxtreme  resoru  to  incr., 
maximum,  440  [494 

per  sq.  ft.  grate,  *4Sa 

RATIOS  OF,  ^37 

Am.  and  ior*n,  443 
resisunces  which  tax,  499 
•afe  limits  for,  441 
sand,  effect,  437 
slipping,    f.c,     drivers. 


imperceptibi 


f /aws,  435  ft 

.     >Ic,  44S 
speed  does  not  affect,  435 
winter  amd  summer,  ^3 

American,  advantages  of,  499 
decreasing  use,  114 
dimensions,  etc.,  407 
invention  of,  491    ['*407+ 
wt.   various  parui.  *4oo, 

and  curvature,  ^.r.,  978  ft 
stationary  q.v.  engs.,499 

■asfiunt,  f .v.,  585 

hr  ^r-power,  449 

and  tractive  p.,  *453 
blast-nozzle,  sizes,  *409 
combust^n  and  evap  n,45o 

max.  rate,  449 
icficiency  in  power,  how 
Tshown,  405  I 
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ootler  power,   diagram  of 

[403 
dimensions  of  b.,  ^07-11 

various  parts,  changes* 
efficiency  bi^,  457    [♦409 
energy  stored  in,  '454 
cvap*g    boilerful,     time 
[for.  456 
cvap*n,  average  rate,  449 
explosions,  ^747 
fire-box,  life,  '419 

as  aff.  by  water,  '490 

fractures,  %9o 

size,  *407>4io 

grate  area  and  load   on 

[drivers,  %53 

H.  P.  per  sq.  ft.  grate,  484 

incrusution,  amt.  daily, 

[•378 
incrusting  solids  in  water, 

[•378 
lbs.  coal  per  h.  p.,  *46x 
lifeof  boiler,  «4t9 
loss  of  heat  in,  av.,  ^456 
low  water,  gain  by,  455 
paas.    and     fr't    service 
[same  b.,  403 
p.  c.  efficiency,  457  -    [409 
power  measured  in  ft.  lbs., 
radiation,  7. v.,  winter  and 
[sum.,  508 
shell,  thickness,  *4ao 
steam,   lbs.  per  fa.p.,  av., 

U5« 
pressure,  *409-io 

boiler  and  effee.,  ^79 

cutting    down,   eff% 

[403 
higher,  effect,  408,  468 
high,  &er.  and  Swiss, 
•519 
reserve  of,  453^ 
steam-cheKt    and    b. 
[press.,  471 
tendency  to  incr'se  b.,  40I 
tubes,  life  of,  *4ao 
no.  and  size,  *409-to 
wt.  and  cost  ^419  + 
washing  out,  *49o 
water  supply.quality,  ^378 
weight  of, ^oT-i  I, •41 5-6 
w*U,  f.r.,  all  partn  and 
[mat*l8,  ^oo,  •419-4- 
to  incr'se  boiler  power 
[10  p.  c,  400 
water  and  steam,  *407- 
[11,  *454 
coal  burned  per  mile,  *i99 
English,  •131-9 
Penn.  R.  pass.,  ^134 
compound,  chances,  133 
Consolidation  I.,   q.v.^   def*a 
[and  origin,  493 
cyl.  q.v,  tract,  power,  553 
cnange  in,  Penna.  R.,^4o9 
increased  use  of.  1x4 
most  used  on  heavy 

[curves,  sSz 

wts.  of  diff.  sizes,  701,  769 

various  parts,  ^400    [^564 

coat  new,  all  types  and  wts.. 

Am.  and  Eng.    per  ion, 

[det'ls,  •4«« 

as  affected   by  wt.,  etc., 

[•411,  •sfi^ 
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cost,  builders*  approx.  mk^ 

details,  150-1-9-4-5 
narrow-gauge,  •$64 

disadvantages,  565 
per  ton,  all  types,  ^504 
cost  of  operating,  tai  4- 
as  aff'd  by  wt.  eng.,  560 
as  pushers,  631  -|- 
cost   of    double    no.  for 

[same  train,  •568,  ♦^i* 
double  wt.  for  same  train, 

[•5«T 
gain  b|r  fully  loading,*^! 

intcrmitteni  service,  drt, 

matM  and  labor.  Am.  ana 
[foreign,  ^ii  ^ 
per  year,  ^148  ft 
shop  and  gcn*l  exp.,  *4ii, 

[•4«f 
standing  still,  cost.  609 

cylinder  power,  4sjr 

all  cyls.  and  drivers,  ^479 

and  slipping  drivers,  406 

back  pressure,  ami..  479 

compared    with    adhes^, 

[dlag..  5s« 

cut-off,   no    tendency   to 

deficiency,    how   shown. 

[405 
falls  with  speed,  457 

expansion,  iheoret..  gain 

.    .,  t*»y,  46y 

practical  losses.  470 
indicator  diags.,  '476  -f- 
lin.its  of,  ex..  703 
losses  of  eff'y,  chief.  470 
of  frt.  eng.  and  speed,  474 
often  too  little,  406 
ratio  to  wt.  on  driven, 

[*4ot 
reciproc*g  parts,  loaa  by, 

•peed,  effect  of  »duL^^ 

varied  easily.  400 
wt.  to  increase  cyl.  p.  to 
[p.  c.  401 
why  should  be  in  cxcesa, 

cylinders,  cold  or  hot,  cfl% 

clearance  space,  eff*t,  47* 
common  error  of  design 

On,  474 
disadvan.  of  (00  large,  40a 

entrained  water  in,  470 
large    cyls.    disadvanta- 
[eeoaa,4a6 
lead  and  lap.,  def.,  470 
loss  of  press,  in,  ^410 
radiation,    external,   315, 

.   .  (377.47* 

internal,  nature,  315,  471 
locos.,  376 

•ize  of.  why  used  to  de 
[scribe  engines,  408 
steam  cap'y  of,  %59 
design  of,  409 -t- 

umits  for  same  boiler,  401 
logical  order.  40* 
nanow-gaugc.  7C1     [•c^s 
p.  &  standard,  P.  R.  ft. 
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dimensions  of  boiler,  %o7-4xo 
chimney,  *409-io 
drivers,  French,  535 
frt.,  Gt.  East.  Ry.,  •13a 
mo«t  powerful  in  world, 
[♦410,  •\%x 
pass,  eng .  477 
Taklbs    of     all  typbs, 
[♦407- xo,  •48! 
various  eng.,  '379 
earnings  per  year.  Am.  and 

[Eng.,  ♦isQ 
sections,  U.  S.,  ^89 
Palrlie,  def.  and  use,  434 

in  Mexico,  93a 
frame,   wt.  and    cost,   ^400. 

[•413  + 
frt.  Iocs.,  op  g  conditions,  478 
friction  resist.,  ^.v..  of,  530 
fuel  q.v.  consump.  light,  315 
future     improv*ts,     possible 

[effect,  3a8 
handling  locos.,  breaking  in 

[two.  359 
cut-off,  usual,  460 
drawing  fires,  fuel  lost, 
first  in  first  out,  141  [109 
heavy  engines  and  break- 
[ages,  360 
running  backward,  930 
Starting  of.  how  done,  797 
switching  Iocs.,  use  as 
[pushers,  79a 
using   heavier  vt.  more, 

[560 
height  cent,  of  grav.,  971 
horse-power       in       practice, 

[%6i-|- 
computing  do.,  338 
interest   cnarge    on.    due    to 
[grades,  570,  604 
limitations  of,  399  + 
and  grades,  327 
and  boiler,  406 
limits  to  work  of,  399 
mileage  of.  Am.  and  Europ*n, 
[•'43.  •159-60 
as  aflectcd  by  age,  *4i8 
C,  B.  &  Q..  20  years,  157 
exaggerations  in  statist., 
life,  q.v.,  ♦14J        [103,  142 
pass.  max.  N.  Y.  C,  •143 
Penna.R.R.  pass,  and  fr't. 
[i886,*^i-84.  •140,  •418 
U.  S.  sections,  •qij 
run  in  general  omce,  14a 
special  performances,  '419 
switching,     a.v.,     prop'n 
[mileage,  135 
life  of,  •143,  SiS^.  •438 

various  parts.  '419 
Bachinery.  breakaf^es  of,  ^247 
cost  new.  ♦412  -|- 
essential  elements  of,  457 
link-motion.  458 
repairs.  •143 
slide-valve,  fric.  of,  53a 
▼alve-pcar.  458 

WCISrhtS  of,  '400,  *4I2  & 

Mastodon  loco.,  423  [553 

cyl.  and  adh.  tract,  power, 
dimensions,  etc.,  *4io 
increased  use  of,  114 

Mogul  loco.,  def'n,  422 
dimensions,  etc.,  ^408 
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Mo||^ul  loco.,  max.  w*t,  769 
motive-power  record,  Penn. 
[R.R.,  1851-84.  *t4o 
number  of,  various  countries. 

[•160 
English.  ^148 
per  mile  all  countries, ^43, 

K7.  ♦148.  ♦ifiD 
sections  U.  S.,  *89 
No.  of  separate  pieces  in,  *4i5 
passenger  1. ,  coad  consumption 

[light,  13s 
grades  a£fect  little,  479 
need  much  tract  p*r,  407 
power  limited  by  boiler, 

[406 
performance      of     American 
[Iocs,  (long  table),  %38 
Mastodon  loco.,  ^410 
rail-wear,  f.v.,  due  to,  xaa  A 
repairs,  cost  of.  139 

as  affected  by  align't.  *i88 
class  of  engine,  *i46-8 
curvature,  315 

radius  ot,  641 
distance,  aoi 

tirade-crossings,  aoa 
ength  of  trains,  570 
rise  and  fall,  377 
w't  of  engine,  144,  563 
av.  Chicago  r'ds,  *i74-6 
sections  U.  S.,  •  170-6 
trunk  lines,  *  173-6 
cleaning.  147 
details  by  items.  *X43  9 
deterioration,    cmumts  for 
[and  rates,  aoa-3 
distribution  to  cau8es,*ao3 

TO  l^CO.  PARTS,  «53 

effect  growth  q.v.  traffic 
[on.  153  A 
English,  *X33 
and  American,  4aa 

details,  *i44 
fittings,  •X45  [1,53 

gen*l  exp.  often  notinc'd, 

(.SV/ Motive  Power.) 

Een.  rep'rs,  freq'cy,  430 
ibor  and  mat'al.  Amer. 
[and  foreign,  *i43-5  A 
Mass.,  etc.,  14a 
minor  details  (many),*x49 
painting.  '143 
pass,  and  fr't,  *i48 
past  history  of,  C.  B.  & 

Pcnna.  R.,  35  yYs,  140 
p.  c.   in  shop,   P.   R.  R., 

[•mo 

p.  c.  renewals,  •i46-7,*<63 

p.c.  round-house  rep  rs, 

[♦145-6,  •x49 

per  year  per  engine.  Am. 

[and  Eng.,  •X59 

running  gear,  ^143 

shop,  tools,  and  genA'aJ 

\q  V.  exp.,  X53 

tenders,  q.7>..  •143-6-7 

trucks,  q.v..,  ♦143         [•xa9 

trunk-line  exp.,    34    y*rs, 

resistance  of,  av'ge.  ^465,  •530 

experlm'ts,  q.v..,  as  to,  a79 

accurate,  diffic't,  533 
coupled     drivers,     extra 
[for,  534-5 


Am., 
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resistance    of,   in    pracdcs, 

head,  at  high  speed,  •sss 
error  by  neglecting,  53J 
internal,  no  tax  on  ad- 
[hesion,  531 
mach*y  separately,  534-s 

PROBABLE  AMT.,  531  4* 

slide-valve  fric,  53* 
true  test  for  determining*, 
running  gear,  431  [40s 

difctinctive    pecuii- 
[arities,  4S1-5 
comparstive     safety    on 
[curves,  diag.,433 
coupled    drivers,    extra 

...  ^     .  f'"^'  *3^~* 

driving-wheel  base,  rota- 

[tion  of,  4*7 
foreign,  hard  on  track,  4*5 
hammer-blow,  447 
H.  P.  transmissible,  45a 
ionmals,  sizes,  ^409 
load  on  driv.   per  so.  I 

[grste,>4; 
slipping  drivers,  aSs,  40 

.1  .  •  .  ^'' 

lires,  cost  q.v.  mamt.,  3 

truclc,  mechanics  of,  4- 

weight  and  cost,  ^xs -f-i 

^400 
wheel-base  lengths, 

[•407-10 
wheel- wear,  C.  A  A.  r>, 

mns,  tendency  to  incr*sc,  160 
starting  q.v.  power  of,  359  « 
slack,  effect  of,  4 
switchii 

no 

per  cent  of,  sect'ns 

[•x8i 
tank  Iocs,  as  asst.  engs.,  59a 

why  advantag*s,  55X,  554 
ten-wheel,  def'n,  •4a3 

dimensions,  etc.,  •408 
theoretical  defect,  most  seri- 
three  forces  of,  199     [ous,  ya% 

deficiency,  how  shown, 

[405 
TRAcnvs  POWER,  q,v.^  434 

aversge  between  stations, 

539 
compared    with   single 

[tests,  55  X 
all  cyls.  and  drivers,  ^479 
as  modified  by  speed,  346 

by  type  of  eng.,  a8o 

causes  of  fluct'ns  in,  '440 

comparative,  cylinder  and 

[adh.,s5s 

compared     with      boiler 

[power,  45a-3 

with  weight,  a]l  grades, 

[•688 
deficiency,    how   shown, 

[405 
economy    of     fully  em- 
[ploying,  587 
effect   low  boiler  press., 

French   practice    as  to, 

head  resistance,  ^sao-si 


01, 400  [4^ 

ing,  ^.r.,  def.  and  use, 
N.  Y.  terminals,  *8io 
U.  S.. 
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t*"*cttve  power,  high  speed, 
horse-power.  ♦S19  ♦519 
imperceptible  slip,  445 
'ncreases  faster  than  fuel 
[burned, 133 
loss  at  speed,  nature  o/, 

[473 

ON    ALL  GRADES  IN    DAILY 
[SBRVICB,  ♦S44  + 

(ass.   and    freight  Iocs , 

[diff.,  478 

pass.,  needs  much,  407 

p.c.  changs,  from  changr 

[in  any  grade,  554-7 

p.  c.  wt.  train  to  wt.  eng., 

[all  grades,  ^ 

ratio  to  total  wt.  loc.,  *543 

weight  train,  all  grades, 

[-*544H-.*593 
speed  reduces,  474 

starting  needs  most,  474 

tank  locos.,  551 

testing  by  fluct'ns  of  vel., 

why  great  m  Am.,  43a 
wire-draw'g  reduces,  474 
wt.,  to  increase  10  p.  c, 

trimmings,  wt.  of,  *4oo     [401 

typrs  of,  defs.,  433 

change  in  most  used.  114 
conapar.  cost,  new,  '565 
effect  grades  on,  555-7 

weight  of,  an  parts  and  m  t  Is. 
[♦400,  ♦418  -h,  •416 

ALL  TYPRS,  ♦407-434,  ^379 

as  affected  by  low  grades, 

[556 
by  steel  rails,  561 
bv  volume  traffic,  597  & 

boiler,  water  and  eteam, 

cost  of  doubling  to  nam 
[same  train.  ^567 
deuils  (full),  *4i3-4-6 
effect  on  cost,  new,  ♦565 
on  operat'g  exp.,  ^560 
empty    and    in    service, 

[*407-8 
fast  pass.,  wt.,  etc.,  431 
French  practice,  *576 
increase  in  recent  years, 
[•407-10,  ♦466 
P.  R.  R.  since  1833,  *i4i 
explanation  of,  408 
of  parts,  constancy  in 

[ratio,  ♦400 
on  drivers  compared  with 
[cyl.  p.,  ♦^08 
p.  c.  to   train-load,  all 

[grades,  ^669,  •688 
p.  c.  various  materials, 

[Am  and  Eng..  •416 
ratio  to  trac.  power,  *548 
various  eng8.,*279, ♦407-34  . 
extra  heavy  eng.,  ^ai 
parts  of  eng.,  400 
roads.  ^438 
Long  chords,  diffs.  length,  det*g, 

[♦644 
Long  tangents,  f.v.,  bad  practice 

[as  to.  334 
Long  Isl.  r'y,  loco.  perf*ce,  ^439 
Loop,  67a       {Sef  Spiral.) 
Loss  and  damage,  cost,  r^ds  and 
tsectioos,  U.  S.,  ♦170-6 


Los-Mal 

Loss  of  time  by  reduc*g  speed, 

[f  ^M  •594-S 
Low  grades,  ^.v.,  and  asst.  eng., 

London  terminals,  cost,  837     [659 

expenses  at,  837-8 

location  of,  73  [*539 

London,  B.  &  S.  C,  fastest  train, 

kindling  fires,  exp'ce,  ♦soo 

locos.,  cost  &  ms.  per  yr.,  ^159 

tests,  ^463 

traffic  and  fuel  consump.,^i3i 

London,  Chat.  &  D.,  fastest  train, 

[♦539 

London  &  N.  W.,  am't  sid*gs,  837 

fastest  trains,  ^539  [*i59 

Iocs.,  cost  and  miles  per  yr., 

rep'r  details,  ^145 

interlocking  app^s  on,  809 

terminals,  cost,  837 

Louisiana:   area,  pop'n,  sidings, 

p.  c.  op*g  exp.,  earnings  per 

mile  and  head,  ^90 ;  wealth  per 

cap.,^36 

Louisville,  fall  at,  841 

Louisville  &  N.,  align*t  Stat.,  ^364 

fluct.  in  stock,  *46 

maint.  way  exp.  by  items,  ♦zao 

miles  and  eam*|^s,  ^719 

op*g  exp.  and  tr  as  pr  day,^i73 

train-Pa,  growth,  ♦loi 

Louisville,  C.   &    L.,  miles   and 

[earn'gs,  ♦719 

Lubricat*n  asaiffect'd  by  temp.,506 

bath,  eff'y,  509.  918 

minute  diffs.,  effect,  509 

Luchmanier  pass,  grades  at,  ♦too 

Lunch  counters  and  curvat.,  649 

Luxemburg  locos.,  00.  and  work 

[of,  ♦ifo 

Luxury   in   cars,  why  tends   to 

[incr.,  139,  567 

Mc Alpine,  C.  L.,  on  sharp  curve. 

Machinery,  loco.,  ^.r.,  cost  new, 

[details,  ♦i^s 

reprs.   p.  c.  due  various 

[causes,  ^303 

minor  details  of , small, 

shop,  maint.  of,  154  (*Z49 

Macon  &  Br..  align*t  statist.,  ♦364 

loco,  perform.,  ^4^8  [f .v.,  73s 

Mahoning   bch.,  N.  V.  P.,  A  O., 

handling  trains  on.  791 
Making  time  and  curvature,  968  ft 
Malicious  obstructions,  derailm*ts 

from,  345 
Maine:  area,  popu.,  sidings,  p.  c. 
op*g    ex.,   earnings   per    mile 
and  head,  ^90;  w<^th  per  cap., 
♦36  [miles,  ^181 

Maine   Central,  p.  c.  switching- 
Main  (trunk,  f. p.),  lines  and  bcbs., 

ex.  of  error  in.  938  a 
Maintenance  of  way,  118 
anomalies  in,  137 
as  affected  by  distance,  199 

gaufire.  753 
minor  details,  191 

no.  of  trains,  137,  569 

pushing  eng..  603 

exps.,  details.  U.  S.  sec- 

[tions,  etc.,  ♦138.  ♦170-6 

fl^neral  tendency.  117 

iron  rail  era,  items,  ♦lao 

trunk  lines,34  years,^za9 
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Maintenance  of  Way— C#jv/f«tMdl 
exps.,  ratio  to  maint.  cars,  etc., 

[♦131 
ratios  of  ,to  each  other, 

[♦i87-:3i 

why  constant  pr.  train- 

[mile,  137,  5^ 

Manchester,  statin  exp.  at,  8a8 

Manhattan     (elev*d,    f.v.)     ry., 

[length,  stops,  etc.,  ^559 

operating  details,  Mpetd,  etc, 

stations  on,  and  power  used, 
speed  on  curves,  973        [♦soi 
Mann  sleeping-cars,  ^491 
Manufacture  of  rails,  lai 

of  transportation.  48,  106 
Manufacturing    regions,    burden 

[traffic  into,  6il 
heavy  trafinc  of,  63 
Mapping  and  project*g  Ioc*n,  886 
contours  (g.v,),  pro  and  con 

[874  + 

GOOD  AND  BAD,  CZ..  888 

large  scales,  best,  884 
loose  sheets  always  best,  886 
Maps,  making  mental,  835,  849 
ex.  of  need  for,  839 
ocular  illusion,  y. p.,  on,  665 
right  use  of,  83<^ 
small  scale,  making,  889 

need  for,  665 
use  in  reconnais.  ex.,  934 
Mari^,  G.,  loco,  tests.  464,  470 
Marine  engine8,comp*d,  and  loco., 
coal  per  H.  P.,  ^460  [133 

utmost  economy  of,  469 
Marriotte*s  law,  467  [♦968 

Maixiuette  H.  A  0.,aliKn*t  statist., 
MarMi,  Sylvester,  invented  rack 
Marshall  pass.,  ♦698-9  [r>,  690 
Marvellous  feat,  aci.  skill,  039 
Maryland:  area,  popu.,  siding«.p. 
c.  op*g  exp.,  camingi  per  mile 
and  head,  ^90;  wealth  per  oip.. 

Mason  loco..  Am.,  dimena.,  etc, 

[•407 
Id.  on  drivers  per  sq.  fL 
[grate,  ♦439 
Masonry  and  iloodt,  781 
cost  of,  759 
dry,  bad,  898 
estimating,  89B 
Mexican,  999 

p.  c.  cost  to  total,  ^57,  ♦•33 
Massachusetts:  a]ijni*t  staust.,  930; 
area,  popu.,  sidings,  p.  c.  opY 
exp.,  earnings,  per   mile  and 

(head,  ♦igo 
claseificatioa  of  throofrti  and 
pocal  tnAc,  sii 
cost  per  year  per  eny.  and 
fuel,  cost  of,  136       [car,  ^mI. 
interlocking  law,  819 
loco,  reprs.,  coat,  ias 
mainL  way  ezp^  by  itcna,  ♦iso 
motive-power  exp.,  dei*la,*i49 
ry.  earnings  per  bead,  etc.,  ^ 
wealth  per  cap.,  s6 
Master  Car  KMers  AH*a«  aMHMd 
[actum  00  nUl-tacada,  309 
Comm.  rep*t  oa  hcaTycagi, 


on  intetchaBae  ndo, 
nUe  for  depr«c*a  tmn,  Ho$ 


'S 


INDEX, 
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Mat-Mid 

Master  Car-B*ders  Ass'n— OmV. 
stand 'd  axle,  w*t  ^486 
journal.  •499,  ♦sis 
60,000   lb.    box*€ar,  *ii4, 

[♦490 
Mastodon  loco.,  q.v.^  def.,  433 
introduction  of,  114 
Material,  boring  to  test,  868 
carSf  prop'n  to  labor,  *  161-4 
loco.,  q.v.y  rep^rs,    prop,  of, 

[♦147  + 
prices  of.  Am.  &  Eng.,  %i6 
w*t  and  cost  in  locos.,  *4i3-6 
Mattch  Chunk,  grav.  r'y  at,  69a, 

Mauritius,  roirg-stock  per  m.,  *47 
Maximum  and  min.  limits  of  ests., 

[24  A 
Mechanics  of  curye  resist.,  381 
of  train  moTe't,  331 
tools,  U.  S.  value.  ^35 
Memphis  &  Ch.  align  t  stat.,  ^364 
Mental  perspective,  i 
Merrimack  river,  fall,  841 
Metric  curves,  radii,  '367 

stationing,  366 
Mexican  Cent.  K'y,  descent  from 

fTepec,  670  -f 
into  Ameca  Valley,  683 


{general  route  of,  731 
ong  grade  on,  *7oo 


Pacific  b'ch  of,  736,  6704- 

Reventon  tunnel.  668 

spirals  on,  678, 68a  [731 

Mexican  Nat.  r'y.  gen.  route  of, 

location,  problems  on,  733 

long  grades  on,  ^700 
Mexican  R'y.  curves  on,  336 

error  in  not  going  to  Puebla. 

Fairlie  engines  on,  434        [938 

history  and  descrip*n,  939 

lonfi:  grade  of,  ^699 

profile,  698 

(.9^/  Jalapa  line.)  [65 

Mexican  towns,  ex  of  stations  at, 
Mexico,  Am.  line  to  city  of,  935 

Am.  locos,  in,  433 

plateau  of.  937 

rects.  per  inhabit  pass.  &  frt., 

rolling  slopes  in,  844  [105 

trunk  lines  in,  730 
(.S*^^  Jalapa,  etc.) 

triangular  course  traflf.,  616 
Michigan,  align't  statistics,  ^363 

area,  pop  n,  sidings,  p.c.  exp., 
[earn*g  per  m.  and  h'd,  '90 

interlocking  law,  11 

*  rough  country  *  of,  840 

wealth  per  cap.,  *36 
Michigan  Air-L.  align't  stat.,*363 
Mich.  Cent.  r*d,  chart  of  financial 

fall  of  rates  on,  '736  [record,  34 

fluct's  in  stock,  '46 

miles  and  earnings,  *7ig 

traffic,  local  and  through,  314 

train-load,    fuel     burned. 

growth  of,  •100   [*i36 

{See  Canada  Southern.) 
Michigan.  Lake,  water  of.  ♦378 
Middle  Slates:  area,  pop'n,  sid- 
ings,   earnings     per     mile 
and  head,  etc.,  '91 

bonds  and  stocks  per  m.,  *io7 

curve  and  grade  statist.,  359 

earnings  per  mile,  *io7 
distribution  of,  *io8 


Mid-Mit 

Middle  States— C9ii//f»M/^. 

frt.  earn.,  thro*  and  local,  ^831 
gen.  r*y  statist.,  88-90 
growth  r*y  system,  44 
main  results,  oper*n.  *a4 
maint.  way  details,  *i38 
opV  exp.  and  traffic  details, 

[•170-6 
pass,  and  fr*t  haul  and  train- 
[load,etc.,  ^97,  ♦317 
p  c.  op'g  expenses.  91 

pass,  and  fr't  traffic,  *i8i 
switching  mileage,  181 
rectus  per  inhab.,  pass  and  fr*t, 
rolling-st'k  per  m.,  47   [*io4-5 
switching  mileage,  181 
ton-mile,  rec*ts  and  haul,  *ii5 
train-Pd  and   haul,  fr*t   and 
[pass.,  ^97,  •a  17 
wealth  per  cap.,  36 
Midland  r*y,  fastest  train,,  ^539 
locos.,  cost  and  miles  'per  y  V, 
reprs.  details,  ^145     [*i59 
motive-power,  exp.,  det*f8, 

[•»33.  •«47 
traffic  and  fuel  consump.,  *x3i 
Milan  r*y,  profile,  698 
Mileage,  constructive,  ai8        [103 
loco.,    exaggerations    in, 
rate  for  fr't  cars,  164 
Milwaukee  grain  receipts,  738 
Mineral  traffic,  f.v.,  and  balance 

[grades,  614 
dead  wt.  of,  610 
changes  in,  609 
Mines,  U.  S.,  value,  •ss 
Mining    regions,  burden    traflBc 

[toward,  63,  618 

Minnesota:  align  t  statist.,  *363; 

area,  popu.,  sidings,  p.c.  op  g 

exp ,    earnings    per   mile   and 

head,  ♦90;  wealth  per  cap.,  ^36 

Minor  details  op  align't.  183 

and  drumming  business, 

[193 

cost  of,  SIS  aff'd  by  ruling 

[grades,  581 

effect  on  amt.  of  surveys, 

[858 
nature    and    importance, 

[»85  4- 
possible     variations      in, 
[slight,  189 
relative  imp*ce  ex.,  395 
Mississippi:  area,  popu.,  sidfings, 
p.c.    op'g   exp.,    earnings   per 
mile  and  head,  ^90:  wealth  ber 
cap.,  *36  r84x 

Mississippi  river,  fall,  and  tribs., 
'points,*  rates  to,  318 
steam-engines  on,  ^460 
water,  purity,  '378 
Mississippi  valley,  bad  location, 

[^.p..  in,  656  A 

Missouri:    align't    statist.,    '364; 

area,  ,popu..  sidings,  p.c.  op'g 

exp.,    earnings   per    mile   and 

head.  *9o;  wealth  per  cap..  36 

Missouri.  K.&  T.  K»co.  perfce,*439 

Missouri  Pacific,  miles  :ind   cMrn- 

liOKS,  •719 
Missouri  river,  fall,  841 

*  points,'  rates  10,  a  18 
Mistakes,  narrow  margin  for,  a8 
Mitchell,    A.,    invented    Consol. 

[eng..  978,  433 


Mix-Neb 

Mixed  trains,  when  used,  95 
Mobile  A  O.,  align't  sutist.,  ^964 
**  Moderate*'  grades,  q.v.,  330 
Modern  r'y  corporation,  the,  aS 
Modulus  of  elasticity,  def.*  345 
Mogul  loco.,  ^.p.,  dimens.,  etc., 
reL  cost  reprs.,  146      [408 
Momentum  and  curve  comp'n,6ai 

def'n  as  used,  63a 

grades  (virtual,  ^.v.),  def.  and 
[ex..  344,  701 
Monarch  sleeping  cars,  *49i 
Monopoly  powers  of  r'ys,  effect 

[o^  3» 

Montana:    area,  popu.,    sidings, 
p.  c.  op'g   exp..   earnings  pier 
mile  and  head,  *9o:  wealth  per 
cap..  ^36 
Mont  Cents  r*y  fric.  gnp*  ^ 
loco,  tests,  464 
profile.  698 
Monte  Carlo  disaster,  353       [753 
Mountainous  regions  and  gauge, 
curve  limit  in,  655 
valleys  q.v.  penetrate 
[into,  586 
Mountains,  slopes  of,  why  eye  ez- 

[aggerates,  8^5 
propin'q'ty  of,  oc.  illu'o,  840 
Mount  St.  Klias,  ht.,  097 
Mount  Washington  r*y«  first  rack 

[r.,  690 
Moon,  why  large  on  borixon,  845 
Moral  effect  of  curvature,  976 
of  distance,  939 
of  good  maint.  way,  194 
of  large  traffic,  55-7 
Mordecai,  G.,  uble  by,  818     [503 
Morin,  A.,  expts.  on  fric,  q.v.^ 
Morris  &  Essex,  align't  sutist., 

[♦960 
Morse,  J.  R.,  table  from  paper, 

[•47 
Mortgage,  interest  builds  rds.,  36 

Motion,  accel'd  and  retard.,  laws, 

133»  * 
Motive-power,  cost.  U.S.  r'ds  and 

[secu.,  •i7»-6 

by  items.  ♦147 

English,  '148 

general  exp.  for  (see  Loco.), 

[♦«47* 
Mud  and  incrustation,  *378     1^97 

Mulhall,  Diet.  Siatis..  table  from. 

Murders  and  r'y  accidents,  357 

Narrow-gauge.  751 

and  cross-ties,  779 

curves  q.v.  on,  336 

curve  resist,  on,  305-6 

in  Colorado.  694 

in  mountainous  regions,  753 

locos.,  com  p.  cost,  *564-5 

Consol  id.  engs.,  381 

origin  of.  434 

useful  effect  on  car  construe- 

[lion,  485 

Nashua  9l  Lowell,  p.c.  switching- 

[miles,  *i8i 

Nashville,  Chat.  A  St.  L.,  miles 

and  earnings,  ^719 

*  Natural  gift  *  for  location,  f  .v., 

Nature,  working  with,  589         [as 

Nebraska:  area,  popu.,   sidiogt, 

p.  c.  op*g  exp.,  earnings  per 

mile  and  bead,  ^90;  wealth  per 

cap.,  ^96 


Ncccuarj  tTMific,  f.v.^  tci 
NnqucboDlnE     Tiller, 
NctherUodi,  1«».,  so.  ai 
Duc,  f.v.,  irttioni 


la  head,  *go\  wealth  per  cap., 
lion,  fini  law  of  motion,  341 
r'rtrain.  beitei..  341 
tew  EDElasd  States,  aligndienl 

eminei  per  mile,  ■107 

diHribution  of.  *iat 
frt..  ItireuRli  and  local,  ■111 
feneral  I'y  lUiiitlc*.  'M,  •90 
haul,  tnin-load.  eic.  ■97 
growlh  r>  ■yilem,  •44 
naiD  reculii  op  n.  *^ 

op's  cap.  Mid  infficdeuila, 

p.  c.  pan,  and  tn.  traflTc.  'tBi 


rollinj-ilDCli  per  mile,  .j 

tnin-load  and    haul,  tn.  and 

New  Hampihire,  wealui  per  cap,. 

New  leney:  allgn't  lUtlit..  *ii4 ; 
area,     popu.,     ^dlngi,     p.    e. 

and  head,  *^;  wedlb  per  rap.. 


p.  e.   op't    e«p..  earniBB*  per 
mile  and  head,  '90;  wealth  per 

NenTYi^S  at  J,  St  Tn-'canage, 

eleitaled  a.B,  rn..  curvet  on, 

Gd.  Cent.  Su,  coat.  TO    [«,i4 
inienul  paai.  trafHc,  Rrowth, 

!smilhTille''lraffic',  7' 8* 


train  apeedi  fram,  64B-5D 
New  Vork  Sute.aligo'i.i.liMra. 

D^eip..eaniiaii  per  mile  and 

•wiicbinn  eniciao  In,  ijC 

New  York  A  Harlem,  aliEnneni 

(H»i«.,  '.n 

N.  Y.  A  New  Ede.   aliRDment 

Mew  York  Cent  tt  R^itl^aiin^i 


t  H.  R.,  aliRD-i 
[■tatiW.,  *>w 


diilance  and    (h'rouRh  tnffic 


el  grad«on" H.  R.°li^' 
L  coil  and  mile*  per  yr.. 

int.    way   and   roll,  itock 

[eip.  coDip,  jtyi*..  *i>9 


^""'"grei^'of,  ^"     '' 

inln-resiit.  teiis,  iiB 
NewYorfc.Chlc.ASt.L., 
»dinn,  RuOalii  yard,  *lai 

-    ■     " ,  K 

,~'RraVio'ii8"wltb, 


inundationion.  783 

location  of  hea»y  aradei.  jSj 

locot  coil  and  milrsper  Jr.. 

leitt  of  a.  C).  '437  (*tM 


"  "nd  n"  v..  "a  S.^Mi 
aharp  curvet  on.  37B.  316 
(Idinn.  loul,  etc.  ti; 
larm'l  eap..  etc..  N.  Y.,  'In 

track,  BnOala  y'd,  •>*■ 
tniit-load.  In.  and  paa.,  **iy 


Naw-Nar 

New  York.  L.  Erie  AW— 
uain-kiad,  growth  of,  • 

New  York,  N.  H.  A  H., 


New  York.  Oni.    A   W..    term") 

[eap.elc..  N.Y..«t., 

New  York,  I'eaaa.  A  O..  tdifot 

[uatiat..  ■•61 


•i^',^ 


bhdfn 

handlir 

local'o  at  Springrd 

HabooiDg  &'cb,  739 

op'g  eip.  and  tnms^pa 

p.  c.  iwllchinK  milei,  •iti 

atiateEic  diaadvaDtage  of, 

liaiu-load,  frt.  aod  paia., 

why  I  bad  property,  ai 
New  Y<«k-PbilL,    elc.     iraBc, 
["<>  diit.,  ■»,  709  -I- 
"mile.Sjj 


Niagara  o 


nil.  bridge,  ■ 
er,  diacharge,  (41 


Nigger-hill,     develop'i     amind, 
Noo-competitlve  iraBk  and  good 
IfacilitiA,  rf 
and  leataurints.  74 
comparaiiie  rue*,  tl 


[etc.,  4]r 
North  Britiah  r'y.  loco*.,  coat  and 

North  Carolina:    align't  aulialL, 
•»6j :  area,  popu  ,  lidlngi,  p.  c. 

head,  •oa;  wealth  per  cap,,  •■6 
North  Centnl  Slate*:  alignmaU 


radenutaC 
>4< 


INDEX. 
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Nor— Ope 

Northern  Pacific  x'y— Continued. 
heavy  cars  on,  485 
loco,  dimens.,  etc.,  553*  407 

tests  on,  55a 
lonfc  grades.  *7oo 
Northern  r*y  (France),  impercept. 

[slip  tests.  445 
Northwestern  gram  receipts,  738 
Northwestern  States:    area,  pop- 
ulation, earnings  per  mile  and 
head,  etc.,  *9i;  general  r'y  stat- 
ist, *88  [*i38 
maint.   way  exp.  details, 
pass,   and   frt.,  haul  and 
[train-load,  etc.,  '97 
{Set  Western.) 
Norway,  align 't  statist.,  *a65 
locos,  no.  and  work  of,  *i6o 

performance  of,  ^439 
popu.,   r'ys.  wealth,  etc.,  ♦97, 
rolling-stock,  ^43         [•43,  ^s 
Notch,  loco.,  q.v.^  def'n,  797 

0=s%i.»A872 
Obelisk,  ex.  of  natural,  684 
Obliquity  uf  traction  and    curve 

[resist.,  301  -f- 
Obstructions,  accidents  from,*a47 
Ocular  illusions,  842 
as  to  quantities,  849 
broken  back  curves,  871 
chief  danger  from.  852 
distance  on  maps.  665,  859 
examples  of,  680, 846  & 
grades  in  flat  country,  66z 
sharp  ridges,  668 
steep  slo|)es,  ex.,  684 
Odometer,  use  of,  838 
Office  location,  evils  of,  880  — 
Offsets,  eye  exaggerates,  84a  -|- 
for  transition    q.v.    curves, 

8694-- 684 
Ohio:  alignment  statist,  in,  *a6i; 
area,  popu..  sidings,  p.  c.  op*g 
exp.,    earnings   per    mile   and 
head,  *9o 
interlocking  law,  813 
*  rough  country'  of,  840 
wealth  per  cap.,  36 
Ohio  &  M.,  align't  statist.,  *26i-f 

train-Id.,  growth.  •loi 
Ohio  river.  &  iribs.,  fall,  841 
Oil  and  waste,  cost,  ♦147,  •170-9 
Oil  excitement  and  rys..  30 
Old  Colony,  locos.,  cost  and  miles 

[per  year.  ♦159 
p.  c.  switching-miles,  *i8i 
washouts  on,  78a 
Old  lines  and  oper'g  rules,  791 
improvement  of,  785 

CONCLUSIONS  AS  TO,  8o8 

gaining    double    track, 

[806 
possibilities  as  to,  787 
pushers  on,  788 
sags,  taking  out,  806 
virtual  profile,  798 
iMual  errors  in,  787 
origin  of,  789 
Open    road    (the    part    between 
stations),    improving    grades 

on,  •803 
Operating  ballast  trains.  773 
Opbkating  Exprnses  (Ch.  v.),  106 
and  bad  bridge  eng.,  3 
•■  affected  by  curvature,  313 


Ope— Pap 

Operating  ExpeDSes— C^ff/inaiA/. 

as  affected  by  distance,  *307-8 
no  trains,  568 
radius  of  curres,  638 
rise  and  fall,  375 
train-Id.,  560 

average  amt.,  108  -f 

BSTIMATKD  AVBRAGB,  iSo  — 

grand  divisions  in,  117 

great  change  in,  107 

p.  c.  Chicago  roads,  *  174-6 
English,  *7o,  ^x88        [•88 
sees.,  U.  S.,*io8-io,*i7o-6, 
trunk  lines,  *i7>-6 

p.  c.  to  exp.,  no  criterion  of 

[management,  109 

trunk   lines,  q.v.^    cause 

Jincr.,  735 

per  mile  road,  English.  ^79 
U.  S.,  ♦170-9,  •99  h. 

per  ton-mile,  •i»5  « 

per    train-mile,   English. 

U.  a.,  •170-9 
Operating   heavy    grades,    q.v.^ 

[diffV,  596-f 
Operating  rules  and  ballast  trains, 

,     ..,.  f773 

and  impr't  old  hnes.  791.  803 

Operation,  lines  in.  5>r  Old  Lines. 

Optimism  proper  in  loc'n,  83a 

Oregon*  area,  popu.,  sidings,  p.  c. 

op  gexp  ,  earnings  per  mile  and 

head,  ^90;  wealth  per  cap.,  •ae 

Orizaba,  peak  of.  937 

Oroya  r'y,  developments,  6794- 

sharpesr  curve,  •jas 

profile.  698-9 

train,  q.v.^  911 
Oscillatory  train  q.v.  resist,  yj^ 
Overlaps,  848,  836  [911 

ex.  of,  853,  854 
Overloading  cars,  accidents  from, 

[•946 

Pacific  States :  area,  pop'n,  earn- 
[ings  p.  m.  and  head,  etc.,  ^91 
bonds  and  stock  p.  m.,  ^107 
earnings  per  mile,  ^107 

distribution  of,  •108 
fuel,  cost  of,  136 
frt.  earnings,  thro*  and  local, 
general  r'y  statis..  88-90  [•331 
growth  r'y  system,  ^44 
haul  and  train  Id.,  etc.,  pass, 
[and  frt..  ^97,  ♦317 
mam  results,  op'n,  ^9^ 
maint.  way  exp  .  details,  •138 
op'g  exp.  and  traffic  details, 

[•170-6 
p.  c.  pass,  and  frt.  traffic.  •181 

switching  mileage,  ^181 
rolling  slopes  in.  844 
rolling-stock  per  mile,  ^47 
sidings.  ^91 

train- I'd  and  haul,  freight  and 
[pass.,  •97,  ^317 
ton-mile  rects.  and  haul,  •iis 
wealth  per  cap.,  ^36 
Painting,  car,  •163-4,  *904 
locos.,  ^146,  •149-55.  *4»3 
English,  144-6 
Palace-car,  inspection  from,  % 
Pan  Handle,  tunnel  on,  340 

{See  Pf  :ub.,  C.  ft  St.  L.) 
Pap^r  io««tion,  890 


Pap-Pen 

Paper  VncMJiXwi— Continued. 

best  hard  to  secure,  880 
deflcieocies  of,  877 
from  office  chair,  878-81 
take  off  by  bcarini^  899 
use  off  868 
Parabola,  cubic,  869 
law  of,  387 

not  suitable  for  r'y  curves,  976 
properties  of.  390 
Parallelogram  of  forces,  309 
Parallel  rules,  best,  887  [•X55,  ^416 
Paris  A  Orl.,  cost  locos.,  detailt, 
per  ton,  details,  ^ix 
repairs,  details,  ♦145-7 
p.  c.  labor  and  matMa, 

[•iM 

wt.  and  coBC  in  detail, 

Paris,  Lyons  ft  M.  r*7  locoa.,  repr., 

[details,  ♦145 
tests,  464 
Parlor-cars,  dimens.,  etc.,  491 

why  so  freely  used,  567 
Party-wall  laws,  814 
Pass,  lowest  usually  best,  858 

ocular  illusions  as  to,  846  ft 
Passaic,  sharp  curve  at,  336 
Passenger  and  freight  locos.,  #.v., 
[tire  reprs.,  •149 
cars,  f .  v.,  no.  per  m.,  world, 

per  train,  q.v.^  •134  ft 
•mile  rates,  q.v..  Am.  and 

revenue,  q.v..  per  head,  17.  S], 
[sections,  •99-4,  xox  ft 

traffic,  a. v..  fuushers,  ex.,  007 
and  speed,  645  [616 

irregular  eff.  of  gradet,577 

LOW         SPBBD  RBDUCBS 

[gradbs,  578  -h 
luxury  in,  why  increase, 

[567  ft 
00.  of  pass.,  world,  43 
on  branches,  734 
p.  c.  of,  secu.,  U.S.,  ^\%x 
third  class,  likely  to  in- 
[crease,  580 
traic-load,  U.  S.,  sects..  ^97 
trains  and  grades,  576,  616  — 
gain  on  grades  by  speed, 

[59> 
length  for  diff.  speeds,  599 

longest,  593,  596 

manufacture  pass,  trina,  «o 

no.  load  and  haul,  u.  S., 

probable  no.  of,  est*g,  95 
trip,  av.  U.  S.  sections,  •97 
Passes,  travel  on,  349 
Payments  per  head  to  r*]rt,  U.  S., 

f •oa-4t  •joa  ft 
Pedestals,  concrete  for,  903 

desiap  and  est'g,  ^i 
Peekskill,  ocular  illusion  at,  848 
Pegram,  G.  H.,  bridge  formate, 
trestle  formula,  901     [766,  903 
Pennsylvania,  align't  statist^  ♦sm 
area,  pop'n,  sid'gs.  p.  c.  op'g 
exp.,  eam*gs  p.m.  ft  h*d,  •oo 
curvet  on  coal  roads,  978 
gravity  r*7s  in,  699 
wealth  per  capita.  ^96 
Penna.  ft  N.  Y.  Canal  xd.,  alinl 

[itatiat,  ^stfe 
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Pennsylvania 

Pennau  Coal  Co.,  gravity  r'y.  69a 

Penna.  Co.,  freight  car,  dimens., 

[etc.,  once  and  now,  *486 

Pennsvlvaoia  Rd.,  align*t  statist., 

Imu.  of  traffic  on,  ^609       [*36o 

capital  account,  items,  *^x 

stock  of  control,  lines.  *^\ 

cars,  frt.,  dimens.,  etc.,  once 

[and  now,  *486 

Itass.  dimens.,  etc.,  ^491 
oad,  average,  *6io 
changes  in.  485 
movement  ot.l  d,  *6o9 
condensed  profile,  698 
curvature,  taking  out,  on,  377 
distances,  N.Y.  to  Pittsb.,*6o9 
dynamometer  tests,  501 
expt.  as  to  curve  slipping,  385 
fastest  trains,  '539 
flucts.  in  stock,  ^46 
frt.  move't,  thro,  and  local, 
[E.  &  W.,  35  yrs.,  •233 
fuel  burned,  freight,  •iss 

ITOod  condition,  value  of,  376 
grades,  balance  of,  618 

location  for  pushers.  585 
Tyr.  A  CI.  branch,  *7oo 
hist,  and  cause  of  success,  735 
inundations  on,  783 
local  traffic,  large  prop^n,  335 
locos.,  breakages  in  starting, 

[*4»9 

Consorn,  experience,  ^148 
cost,  new.  details.*i5i-3-4 

per  ton,  details,  *4ii 
fast  pass.,  weight,  etc.,  ^31 
loads  hauled,  Tyr.  br  h, 
mileage  of,  140  [*44o 

all  a^es,  *4i8 
running,  first  in  first 
[out,  *i4o,  •419 
repairs,  cost  of,  140  & 
per  year  ptx  eng.,  *xs9 
by  divs.,**i88 
general    repairs    on, 
[frequency,  490 
p.  c.  labor  and  mate- 
[rials,  'isa 
Statists,  loco,  op  n, 1851-84, 

[♦140 
wt.  and  cost,  det*ls,  *4ja-6 
Coosol.  cog.,  ^409 
various  parts,  ^400 
tank,  wt.,  etc.,  431 
wt.  on  drivers  per  so.  ft. 
[grate,  •45a 
maint.  way  exp.  on,  133, 128, 

[130 
and  roll. -stock,  ^4  yrs., 

[♦139-30 
by  Items.  *t3o 
policy  as  to,  133  & 
miles  and  earnings,  *7xa 
motive-power    exp.,   details, 

[♦147 
statistics,  1891-84,  *i4o 

op*g  exp.,  and  trains  per  day, 

[♦17s 
p.  c.  of,  wh^  low,  zio,  ^*l 
why  increasing,  735 
planes  on  old  line,  044 

pres't  line  plan  d  for,  944 
pass,  pushers  on,  595 
rail- wear  tests,  Z19,  395,  330, 

[380,569 


Pen-Pit 

Pennsylvania  Rd. — Continued, 
naes  and  p.  c.  opg.  exp., 930 & 

fall  in,  736 

.on-mile  rects.,  etc.,  *iis 
sharpest  curves  on,  *^35-6 
term  I  exp.  etc.,  N.  Y.,  •819 
tires,  cost  m'nt'g,  316 
track,  best  in  world,  377 -|- 
traffic,   disprop*n   E.   &  W., 

[etc.,  ^609 
train-Id.,  frt.  and  pass..  *3i7 

growth  of,  100  -f- 

>ass.,   no.  cars  and  fuel, 

train-mile  cost,  *ii6 
wages  on,  loc.  shops.  *i5i 
wheel-record  and  brakes,  377 
why  many  branches,  739 
Peoria  grain  rec'ts,  738 
Per-diem  rate  for  frt.  cars,  165 
Perkiomen  r*y«aliKn*tstatist.,*36o 
Perotc,  Cofre  de,  ht.,  etc.,  937 
Perspective,  mental,  i 
Peruvian  ry*s,  profiles  of,  698-0  A 
Petersburg,  sharp  curve  at,  336 
Petroleum,  H.  U.  in,  ♦^o 
Philadelphia-N.  Y.  trafi..  loss  by 

[dist.,  709 
terminals,  loc^n,  etc..  of,  68 
train-speed  to,  648-50 
Phi  la.     &     Atl.     City,      align*t 

[sutist.,  *36o 
Phila.  &  Erie,  align*t  statist.,  *36o 
expts.  as  to  loc.  resist.,  ^279 
loco,  performance,  ^440 
rep'rs  bydivs.,  •188 
trains  and  fuel  consump.,  *i38 
Phila.  &   Rdg.  coal  car,  heavy, 

[*49o 
coal  consump.  pass.,  134 

fastest  train,  *529 

fuel  tests,  var.  speeds,  528 

kindling  fires  on,  *3oo 

locos.,  cost  new,  *i53 

fast  pass.,  wt..  etc.,  *43i 

fr't,  heavy.  *42i 

rep'r  details,  ♦ms 

and  renewals,  *i45    - 

tests  of  fast,  473 

maint.    way  and    roll.-stock 

[exp.,  34  yrs.,  ♦139 

by  Items,  •130 

pushing  serv.,  cost,  6oz 

Piedmont,  yard  at.,  618 

Piers,  area,  etc.,  N.Y,  term's,  *8x9 

bridge,  estimating,  898 

Pig-iron,  past  prices  of,  767 

Pile-driver  car,  Ga.C.,  det*ls,  •490 

Piles,  driving  by  vel.  of  car,  ex.. 

Pile  structures,  770  [473 

Piston,  loco.,  q.v.^  loss  energy  by, 
Pittsburg  &  Conn.,  align't  statist., 

[•360 
Pittsburg,  C.   &  St.    L.,  align't 

^tatist.,  *26z 
train-Id.  growth,  •100 
tunnel  on,  saving  dist.,  340 
Pittsburg    &    Ft.  W.,  flucts.    in 

[stock,  •46 
opg.  exp.  and  trains  per  day, 

[•z7a 
sharpest  curve,  '335 
ton-mile  rates,  etc.,  *iz5 

fall  in,  on.  ^726 
train-Id.,  growth,  *ioo 


Pla— Pru 

Planimeter,  use  of,  897 
Plateau  of  Mexico,  descr.,  6x6 
Platte  Cafion,  697 
Plotting  cross-sections,  868. 897 
mapping,  q.v.^    proper 
[methods,  886 
Plates.    i^See  Engravings.) 
Political  economy  of  cheap  coih 
[stniction,  18,  vj 
of  distance,  197 
Pony  truck,  f.r.,  mechanics  of. 
Poor,  H.  v.,  table  by,  ♦736       [431 
Popocatepetl,  mtn.,  927        [*9s-4 
Population,  sections  U.  S.,  73-81, 
growth  of  la.,  '77 
Mass.,  *78 

U.  S.  *88-9o  \wi 

does  not  help  poor  lines, 

large   and  small,  traffic   per 

[head,  •^zs 
law  of  addition  to  trap* 

[fic, 708 
per  mile  road,  la.,  ^77 
Mass.,  *78 

sections  U.  S.,  *88-^ 
world,  •43 
law  as  to.  730 
per  sq.  m.  &  m.  r*7,  U.  S.,  ^88 
pay*ts  per  head  to  r*ys,  ^93, 

[♦ioaA 
rV  capital  per  head  U.  S..  *88 
Portable  engines,  cost  Bl  eff*y,  *»z 
Port  Jervis,  grades  at,  619  [♦37,  '45 
Portugal,  pop*n,  r'ys,  wealth,  etc. 
Postal-cars,  dimens.,  etc.,  *49z 
Power,  static,  and  dyn.,  393  ft 
Practice   docs    not   make    loc'g 

[engV,  33  ft 
Prairie  ridges,  loc'g  over,  66z  + 
Prairie  States,  bad  loc'n  in,  6, 31  ft 
Preliminary  line,  q,v.^  86z-9 

and  contour  maps.  876 
Prepossessions,  abandonV,  83s  ft 
Present  worth  of  future  fx,  ♦89 

of  future  $z  per  year,  '83 
Pressure,  loco..y.9.,  steam,  f. v., 
[effec.  cyl.  in  pract.,  *46i  -f 
Prismoidal  form'a,  use  and  abuse, 

[895 
Probabilities,  theory  of,  86^,  896 

Profile,  balancing  quantities  of, 

errors  in  laying  grades  oo,  399 
estimates  from,  895 
paper  and  actual,  868, 880 
putting  grades  on,  893 
small  scale,  86z-3 
need  for,  665 
Profit  from  r'ys,  coaditions  fim 

14--S0 
Profit  traffic,  importance  of,  6s 
Progress  of  r*y  coos.,  f  .r.,  world. 


y.  S.,  ^44 


V 


Proiectiles  and  air  resist,  517 
Projecting    asst     eng.    wm 

.tow,  666       [liigli,66i 

grade-lines,  675 

location,  q.v.^  8qo 
Propellers,  no.  N.  Y.  termlt,  *lif 
Protractor,  best,  886 
Providence  ft  Worc*cr,  p.c.  twHcb- 

Onff-oita,  *iti 
ProTision  ours,  rtiMftw.,  tte^  *i#r 
Prussia,  cost  r'yt,  etc,  *4$ 

loco.  repr.  dttaflii  ^t^f 

p.  c  op Y  ti^  *a» 
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Pul-Rai 
Pulley,  transmits,  of  power  ar*d. 

Pusher  (asst.  q.v.  engine)  grades, 

Lprojecting,  666 
Puebia,  error  in  line  to,  928 
Puente  Nacional,  929 
Pulque  district,  Mexico,  928 
Pusterhal  r'y  profile,  698 
Pyramid,  of  traffic,  71a,  731 

Quantities,  balance  of,  not  exact, 
estimating  (g.v.).  895  [895 

uarries,  U.  S.,  value,  *a5 
•ueensland,  roIPg-st'k  perm.,  '47 
uincy,  Mass.,  double-truck  car 

[at.  421 

Rack  r'ys,  history,  etc.,  690,  943 

reason  for,  404 
Radiation  and  fr't  speed,  370 
external.  313,  456,  471,  508 
boiler   and  cylin.,  comp. 
in  yards,  315    [imp'ce,  471 
winter  and  summer,  508 
internal,  315,47' 
Radius  of  curv.,  q.v.^  cost,  etc., 
designation,  258-66      [635 
gyration  of  car-wheels,  334 
rails,  739 
Radius-bar,  loco.,  def*n,  etc.,  426 
Rail  joints,  accidents  from,  *346 
best  form  of,  133 
wear  of  rail  from,  123 
yielding  at,  561 
Rails,  and  cross-ties,  775 -f- 
foreign  locos.,  425 
speed,  268, 274 
track  labor,  758 
average  life,  119  [356 

broken,  accidents  from,  246, 
condition  in  winter  and  sum- 

[mer,  315 
cost  of,  best  is  cheapest,  748 
durability,  '745 
stiffness,  *74i 
strength,  ^742 
elastic  reaction  of,  516 
form  of,  307-8,  738 

and  flange  wear,  317,  639 
hard  and  soft,  121 
inspection  of,  121  [*iao 

iron,  cost  of,  various  roads, 
formerly,  119,  763 
vs.  steel,  no.  368,  561 
light,  and  I't  ry  V  737 
piit  prices  of,  763 
renewals  of,  cost,  U.  S.  sec- 
[tions.  etc..  ♦128,  •170-9 
spread,  acc'd'ts  from,  ^246 
steel,  effect  on  op'g  exp..  •130 
revolutionized  mt.  of  way. 
why  better.  119  [118 

wear  of,  as  affected  by  age  of 

[rails,  296 
curvature.  397-319 

radius  of,  639 
grades,  380 
quality.  330 
rise  and  fall,  379 
sand,  380 
speed.  561 
front  and  back  wheels,  387 
loco,  and  car,  xaa,  561-a 
nature  of  wear,  308 
of  pass  and  frt.  trains,  56a 
on  cunres,  f .v.,  393,  319 


Ral— Rec 

Rails — Continued. 

wear,  as  aff.  by  age  and  form, 

CONCLUSIONS,  304      [396 

diff.  European  ft  Am. 

[exp.,  283 

wt.  of,  and  grading,  749    [744 

comp.    durability.    est*g, 

buying,  strength,  etc..  739 

choice  of  wt.,  738       ['747 

interest  charge  on,  extra, 

vt.  cross  ties,  776       [13  & 

Railway   projects,  inception   of. 

Railways,  acres  in  crops  per  mile, 

all  legitimate  enterpr.,  14  ['90 

capital,  p.  c.  to  total,  ^%^ 

of  world,  •37 
construction,  est  of  future,*4i 

past  progress  of,  ^44  -f- 
cost,  ♦37,  •4J,  ^45 

of  world,  progress,  '49 
value,  '35,  ♦37,  ^45 
cost  per  head,  world,  *37 
total,  world,  *4 


per  mile  Engl 


ish. 


'79 


U.S.,  etc,  •35-7,  ♦43-5 
earnings,  ^.r.,  per  mile.  ^77, 

.  [VSft 
financial  errors  in  projects.  707 
foreclosures.  ♦40  [186 

f^ood  lines  for,  popular  error, 
odirect  wealth  from,  *37 
light,  737 

miles  of,  sections  U.  S.,  *9»-4 
world,  •25,37.  ♦43-45 
per  head,  world,  *43 
per  sq.  mile.  '43 
must  go  to  traffic,  53 
profit  on,  conditions  for,  x6 
Rainfall,  amt.  of,  783 
fluct*ns  in,  783 

and  floods,  784  [759 

Raising  and  surfacing  track,  ^.v., 
Rankine,Prof.,  on  steam  exp*n,469 
Rates,  fixing  of.  19^  4-  & 

as  affected  by  difis.  dist.,  709 
cartage,  Sao 
distance,  194  -f ,  723  + 
strategic      advantages, 
competitive,  ai3      [318,  733  -f 

sum  of  two,  a  18 
division  of,  3x7 

fractional  per  cents,  337 
E.  &  W..bound  C,  C,  C.  &  I., 
L.  S.  ft  M.  S.,  aa6  [335 
how  fixed  on  through  traffic, 
Mex.  r'y  andN.Y.  C..933  [3x7 
on  regular  and  occasM  traffic, 
[^.r.,  diff..  335 
per  pass.-mile.  Am.  ft  Eng., 

per    ton-mile,    q.v.^    Am.    ft 

[Eng.  •159 
recent  fall  of.  736  ± 
through,  division  of,  3x9 

LAW  AS    TO    DISTANCE   RS- 
[SULTING  PROM,  319 

and  local,  q.v.^  constant 
[ratio  of,  334-6 
why  based  on  distance,  196 
Receipts   per  head    by  sections, 

[•103-5,  •115  ft 
Reconnaissance,  art  of,  831,  31 
conditions  of  success,  93 
maps,  flse  of,  836-7,  9^ 
rule  for  choosing  grades,  675 
descend  *g  into  TallC7S,689 


Rec- R  is 

Reconnaissance— C««/fMMr</. 
to  be  of  line,  not  area,  835 
worst  errors  orig'te  in,  %y» 

Refrigerator  cart,  dimens.,  etc., 

[•487 
Renewals,  p.c.  of,  etc.,  frt.  cars, 

[^.v.,  •165  ft 

loco.,  ^.r.,  •145-7  ft         ['35^ 

Rensselaerft  Sarat.,  align*t  stmt., 

Rental,  pd.  by  fixed  charges.  zo6 

Repose,   grade    q.v.    of,    def'n, 

[341ft 
Rest,  friction  q  v.  of.  930 

Restaurant  and  compet.  traffic,  73 
Retainiog  walls,  Colorado,  697 

and  improving  old  lines, 

[Bos 
iodi€*g  on  profile  934 
Return  grades,  ^.v.,  for  Tt  trains, 

[6ia  + 
Return  tracks,  indep't,  693-4 
Reventon  tunnel,  etc.,  668 
Revenue  and  minor  details,  rel. 

[imp*ce,397 

effect  of  location  on,  ^8      [•64 

moving    stations  on, 

more  dist.  on,  ^339 

from  through  traffic,  q.v.^  6i- 

[vision  of,  318 

increase  of,  bfpbct  on  pRorm 

[iitft 
more    important    than 


tlow  ex 
pass,  and  frt.,  sections 


Kp.,  tix 

,  IJ.  S., 

[etc.,  •93-94 

per  head  by  States,  ^90,  ^104 

sections,  U.  S.,  etc.,  •Sq 

law  as  to,  716-7 

per  mile  road,  see's  U.  S.,  *Sg 

Sutes,  U.  S.,  ^90 
small  p.c.  decisive  to  proper- 

[ly,  63,  7a 

THBORV  or  GROWTH  OP,  708 

Revenue  train  mile,av.  cost,  •X79 
difficulty  of  est*g,  103 
Revere  disaster,  354  [*4i4 

Reverse-lever,  loco.,    q. «/.,    WL, 
Reynolds,  Lieut.,  ascent  to  Ori- 

[zaba,  937 
Rhigi  r'v  and  Mt.  Wash.,  690 
Rhode  Island:  area,  popu.,  sid- 
ings, p  c.  opg.  exp.,  earnings 
per  mile  and  nead,  ^90;  wealth 
per  cap. ,  ^36 
Rhode  Island  Loco.  Works,  incr. 
(wt.  eng.  X5  yis.,  ^466 
Richardson  bal.  slide-valve,  539 
Richelieu  River  disaster,  35^ 
Richmond    ft    Danville,   align't 

[statist.,  •964 
Richmond,  F.  ft  P.,  align't  statist., 

[•364 
Ricour,  M.,  est.  value  reducing 

[grades,  •sTtf 
train-resist,  tests,  537 
Ridge  and  valley  lines,  836  ft 

low,  loc'g  over,  ex.,  66x  4- 
Ridge  line,  eye  fixes  on,  843  -(- 
Right  of  way,  folly  of  economic* 

[ing,  x6,  53 

cost,  N.Y.C  and  Penna.  rds., 

Rip-rap,  natural,  850  [•71 

Rise  and  Pall  (Chap.  IX.),  397 

a  minor  detail,  185 

and  ruling  grades,  distinct, 

[3*7 
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Ris-Rol 

Riae  and  Y9\\—C»ntinu€tL 
M  modified  by  speed,  3^7 
amount  of,  est*g,  366,  i  f4 
limits  of  choice  o  jn  /, 

{•  ;8 
maasiired  by  na  '  rea  s, 

'  i 
r^yi  and  Sutet,  u/'^'.^ 

[•259  + 

dasset  of,  defs.,  330,  374 

COil  of.  375  [injur'8,  385 

concentrated  r.  and  f.  less 

CONCLUSIONS,  383-3 

as  aff*d  by  rate  grades,  581 

iron  and  steel  rails,  380 

loco,  reprs.,  small  effect 

[on,  •188 

*  foot  *  of,  defined,  374 
limiu  of  classes,  360,  356 

class  A,  365  -f- 
daas  B,  368 

class  C,  369  [grade,  375-7 

incPs  whole  rgth 

under     varioua 

conditions,  ^373 

most  imp't  to  frt.,  354  + 

relative  importance,  18^.  395+ 

tags  and  summits,  different 

[effect,  363  & 

speed  in,  *367 

*  train-foot  *  of,  58a 

what  constitutes,  ^66    [of,  68a 
Rivers,  descending  into  valleys 
est*g  fall  of,  840 

Srade-Iines  over,  89^ 
and  equipt.,  cost.  U.  S..*io7 
Road-bed  and  track,  cost,  U.  S. 
[sections,  ♦ia8,  ♦71 
cost  SIS  aff'd  by  rad.  of  curves, 
rise  and  fall,  381    [639 
proper  width  of,  77a 
rel.  cost,  833 
Robinson,  S.  W.,  expts.  on  bridge 

[vibration.  447 
Rochesterft  Pitts*g<  sidings,  total, 
Buffalo  yd.,  8a I  r*8as 

Rochester  &  Sr.  L..  align't  statist.. 
Rock,  estimating.  807  [*a59 

indic'g  on  profile,  934 
testing  for.  893 
Rock  cuts,  needless,  867,  868 
shallow,  881 
on  contour  maps,  877 
ibcky  Mounuins  &  rough  coun- 
aiiKn't  in,  a.  365  [try,  840 

Rocky  points,  decept.  effect,  836. 

[C<'^  -h.  1 4l» 
Rod,  extended  by  vel.  ci  cir,  c  c, 

[i45 
Rogers  Loco.  W'ks,    catalogue. 

[4aa 
Roller  jour,  bearings,  value,  91a, 

[9»3 

Rolling  country,  illusions  as  to. 

locating  in,  661        [849-50 

Rolling-friction,   f.r.,  def*n,  493. 

l5«5  + 
as    affected    by   coupled 
[wheels.  534-5 
computing  from  I'ds 

[hauled,  444 
constit.  elements,  505 
effect  like  a  grade,  343 

on  pusher  grades,  597  — 
higher  in  winter,  314 
{!Stt  Train  Resistance.) 


Rol-Sax 

illing-load,  diags.  of,  769 

effect  on  wt.  bridges,  767 
lUijig-stock,  48^  iStt  Car,  Loco.) 
per  mile  u.  S.,  ^47 

foreign,  ^43 
rel.  cost,  833,  71 
trunk  line,  maint.  exp.  34 
[yeai«,  •139 
Rome,  W.  6l  Ogd.  align 't  sutist., 

[♦a59 
Roof,  car,  cost,  etc.,  *i63,  *ao4 
Rough  country  and  grade  con- 

[tours,  877 
a  relative  term,  840 
errors  in,  843  &       [849-54 
for  fooi-travel,  illusions, 
two  prelims,  in,  865 
Roumania,  locos.,  no.  and  work 

[of,  •160 
Round-house  reprs.  p.  c,  *  145-6, 

[•m9 
Route,  choice  of,  favored  by  sharp 

[curves,  656 

ONB    GSNBRAL    Rt'LB    FOR, 

[660  A 
easier  with  sharp  curves. 

I698 
to  be  studied  as  a  whole,  665 
Ruling  grades,  ^.r.,  and  minor 

[det*ls,  185 
'  Running  *  at  grades,  804  6l 
(St*  Virtual  Profile.) 
Running-gear,  cars,  rel.  cnst  of, 

[•161-4 

p.  c.  due  var'scaus.,*303 

loco.,  f.v.,  cost  new,  detaifs, 

[•i5o-x-a-4-5 

repairs.  *x44-9 

p.  c.  due  various  causes, 

[«>3 
Russia,  locos.,  no.  A  work  of,  *i6o 

pop*n,  r'jrs,  wealth,  etc..  ♦37, 

rolling-stock,  traffic,  etc.^  '43 

Safety,  as  affec.  by  centrif.  force, 

[etc.,  300 

(Sff  Curvature,  Grades.) 
Safety-guard  for  bridges.  900 
Sags  and  hydr  grade-line,  635 

and  summits,  diff..  367 

vert,  curves  on,  363 

extreme  example  of,  635 

increase  speed.  366-7,  633 

on  grades  and  levels,  366 

safe,  limits  of,  356 

taking  out  on  olcl  lines.  806 

TO  ORVIATB  ALL  DANCBR  FROM. 

why  admissible,  623  [363 

example.  6a^ 

(5^rr  Rise*  and  Fa11.> 
St.  Gothard  r'y.  location  of.  671 

and  prairie  lines,  est'?  betw*n, 
Sl  Louis  erain  rec*ts,  728        [858 

terminals  at.  70 

train  <peed  to.  6co  [••64 

St.  Louis  A:  S.  E.  align*t  siatist., 
St.  I-ouisA  S.F..I0C0  perform'ce, 

[•438 
St.  Paul,  Minn.  A  Man.,  financial 

[hist'y.  •37-38 

Sand,  effect  on  adhesion,  f.r.,  437 

use  of,  and  rail-wear,  380  j 

Saving  per  year,  aggregating  $1 

[at  given  dates,  •S* 

Saxony,  cost  r'ys,  etc.,  *45  { 


Sca-Slo 

Scales  of  maps  should  be  large,  884 

small  scales,  use  of,  665  a 
Scenery,  ex.  of  imp*t*ce,  678  A 
Schools  and  churches,  U.  S.,va]ac, 
Science  and  Art,  831  [*»< 

Scientific  skill,  marvellous  feat  ot, 

[93> 
Scott,  Gen.,  route  of,  in  Mez.,^8 

Scrap  credits,  loc.,  amt.  of,  *i4^9, 

cars,  details.  *904       [*4ii 

value  of  rails,  allow *g  for,  las 

Searles,  W.  H.,  train-r.  formula, 

(517 
Section  hands,  limit  to  reduc*n,  199 
Sections,  length  of.  196 

SIS  affected  by  curvat're.  jti 
Selling  price  of  commodities,  how 
Selling  transp*n,  48  -H    [fixed,  196 

and  whims  of  buyer,  59 
Semmeriug  ry.  profile,  698 
Sharpsville  ry..  loco.  perToe.^jl 
Shinn,  W.  P.,  paper  by,  ^719 
Shipping,  U.  S.,  value,  *»$ 
**  Shoo-fly*'  line,  860 
Shop  and  gen'l  charges,  looo.  f.v. 
fmaini.,  ♦145,  •154 
English.  133 
Short-haul  traffic,  f.v.,  and  convc- 
[nient  depots,  S7 
Short  line,  moral  effect  of,  939 
trunk  line,  value  of.  yib 
law  as  to,  ai9 
{Set  Disunce.) 
Side-hills,  illusions  as  to,  850  A 
Side-hill  lines,  culverts  on,  851 

prelim,  esta.  of,  8^ 
Sidings,  ami.  at  Boston,  ^aj 
Buffalo,  •Sai 
New  York.  •Sig 
and  uunk  lines,  law  as  to,  Iq 
classes  of,  *8at 
for  pusher  grades,  509 
p.  c  of,  sections  U.  S.,  ^8 
Side-track,  taking,  and  imp't  old 

(lines,  79X 
Signal  cabins,  interlocking,  f.v., 

[sizes,  I09 
Silver,  in  world,  etc.,  9*9 
Silver  Plume,  spiral  aC  680  4* 
Sixth  Ave.  Elev.  ry.  curves,  646 
Skill,  marvellous  feat  of,  93a  ms 
Slack  in  couplings,  ^.v.,  amt.  of, 
Burlington  teats  of,  490 
effect  of,  350 

import *ce  of  climinat^g,  ^  A 
Sleeping-cars,  dimeos.,  etc,*49i 
English.  ^491 
why  so  freely  used,  567 
sections  in.  %9i 
Slide-valve,  balanced,  53s 
description  of,  437 
friction  of,  53a 

life  of,  4ao  [^.v.,  aS«-< 

Slipping  of  car-wheels  on  cunrct^ 

amt.  due  to  flange  pma, 

error  as  to,  sty  [agi 

vel.  of,  00  curves,  *a89 

of  drivers,  446,  797 

and  skill  of  eng^r,  406 
coeffs.  of  fric.  43s 
if  begun,  cootimicaa  aSj 
must  not  he  too  easy,  406 
no  fault  in  fst.  caff.,  406 
Slope-level,  use  of  .  &         ^     " 
Slopes,  rate  of. 
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Smi -Spa 
Smith,  C.  A  ,  loc.  expts.  by,  445 

ubles  from.  468 
Smithville-N.  Y.  traffic,  7x8,  739 

-Jonesburg,  etc..  739 
Snow  and  ice,  accidUs  from,  '247 
cost  due  to,  136 
•torms,  as  cause  of  accid*t,  955 
Soft-steel  rails,  q.v.y  error  as  to, 

[121 
Soil,  layer  of,  and  rough  country, 

I840 
South  America,  Am.  Iocs,  in,  422 

rolling:  slopes  in,  844 
South  Australia,  rolling-stock  per 

[mile,  ^47 
South  Carolina,  alig^mH  statist., 
^263;  area,  popu.,  sidings,  p.c. 
of  op'g  exp.,  earnings  per  mile 
and  nead,  ^90;  wealth  p^er  cap., 
•26 
Southern  Pacific,  accident  on,  949 
align't  statist.,  ^265 
long  grade  on.  *7oo 
miles  and  earnings,  *7i9 
Southern    Slates,  align't  statist., 

[♦263 
area,  popu.,  sidings,  p.c.  opg. 
exp.,  earnings  per  mile  and 
head,  etc.,  *9i 
bonds  and  stock  per  mile,*io7 
curvature,  etc.,  in,  263 
earnings  per  mile,  etc.,  *xo7-8 
fall  rivers  in,  841 
fr't.  earn.,  thro.  &  local,  ^231 
genM  ry.  sutistics,  ^89-90 

growth  ry.  system,  *44 
aul    and    train-load,    etc., 

[•97,  217 
main  results  op*n,  '93 
maint.  way  exp.,  details.  *X28 
mineral  devert,  effect,  616 
opg.  exp.  and  traffic  details, 

[*89-93.  •»70-^ 
p.    c.   pass,   and   Ir't.    traffic, 

l*i8i 
switching-mileage,  *i8i 
rects.  per  inht.,  pass,  and  fr't, 

[♦104-5 
rolling-stock  per  mile,  *47 
ton-mile  rects.   and  haul,  *ii5 
train-Id.   and   haul,    fr't    and 


[pasn  ,  'qt,  ♦217 
rse  of 
wealth  per  cap.,  ♦26 


triangular  course  of  tra 


17,  *2i: 

nic,6ii 


South-western  States:  area,  popu., 
sidings,  earnings  per  mile  and 
head,  etc.,*9i 
freight  earnings,  through  and 

(local,  ♦231 

general  r*y  statist.,  88 
aul  and    train-Id.,  etc.,  '97, 
main  results  op'n,  •gj       f*2i7 
maint.  way  exp.,  details.  *i28 
op*g  exp.   and   traffic    det'ls. 

[•170-6 
p.  c.  pass,  and  fr*t  traffic,  *i8i 

switching-mileage,  *i8t 
rects.  per  inhabt..   pass,  and 

[fr't,  ♦104-5 

ton-mile  rects.  and  haul,  ♦115 

train-Id.  and  haul.     fr*t    and 

[pasv  •97,  ♦217 

Spain,  p.  c.  op'g  expenses,  ♦no 

popu.,  r'ysi  wealth,  etc.,  ♦27, 

rolling-stock,  traffic,  etc.,  ^43 


8pa-8ta 

Spalding,  E.  C,  on  car  rep*rB, 

[x6i 
Specie  U.  S.,  value,  ♦as 
Speculative  interest,  nature  of,  S9 
Speed  and  adhesion.  435 

and  centr*f  force.  ^270 
and  curvature,  268 

diff.  much  or  ltttle,648 
very  sharp,  326 
and  curve  resist.,  305 
and  fr't  loc.  cyls.,  474 
and  heavy  grades,  369 
and  pass,  traffic,  645 
corresp*g  to  time  over  993', 

elevated  r*y  sp.,  648 

effect  on  locos.,  *476  +      [579 

TO  REDUCE   PASS.    GRADES, 

to  reduce  grades,  Liurr, 

extreme  examp.  of,  695 
fluctuations   of,  in   practice, 

[•46« 
testing  locos,  by,  ;^9 

freight,   and    improving   old 

[lines,  804-7 

English,  ♦x39 

maximum,  368 

safe  assump'sas  to,  371 

tendency  to  high,  369. 488, 

[804 

high,  economy  of,  488 

has  caused  large  boilers, 

highest,  Engl,  ft  Am..*529 
tendency  to  use  higher, 
[488,  804 
increased  b^sags,  q.v.^  366-7 
limits  of  objectionable,  ♦271-3 
lowest,  at  summits,  353 
loss  of,  from  stop.  274 
on  max.  grades  slow.  699 
pass,  and  fr*t  (also  above),  968 
vet. -head  due  to.  ♦315 
why  higher  in  Engi'd.  ^530 
Speed-gauge,  injurious  effects  of 

[370 
Sphere,    rolling   of,  and    flange- 

[wear,  308 

Spirals,  classes  of,  679 

def.,  and  advantages,  68x 

examples  of,  689-4-6 

St.  Gothard  r'y,  671 

series  of.  684 

typical,  679 

Split  stringers,  etc.,  900 

Sprague,  F.  J.,  tests  on  elev.  r'y, 

[559 
Springfield,  O.,  loc'n  N.  Y.,  P.  A 

[O.  at,  56 
Springs,  car,  compression  of,  979 
by  vel.  of  car,  ex..  345 
loco.  wt.  and  cost,  ♦4i«  -f 
Stable  equilibrium  on  truck,  989 
Stage-coach  measures   necessary 

[tra v.,  52 
Starting,  effect  slack  on,  490 
effect  to  cut  down  trains,  449 
fric.  q.ruy  journal,  519 
grades  for,  needed,  519 

{greatest  trac'n  req'd  for,  474 
ocos..  how  done,  79^ 

loco,  breakages  from,  ^4x9 
on  elevated  r*y, '559 
on  switchback,  947 
past,  trains,  406 


8ta-8ti 

Start!  n|^—CiM»/«tiM#i/. 

resist,  of,  910. 
(5r#  Stations,  Stop,  Virtual  Pro* 

file:) 
State  r'yt,  projecting,  so 
Sution  (xoo  ft.),  length  on  ilopci^ 

Stationary  engines,  comp.  ccodo* 

[my  for  planes,  688 

cost  and  eff'y.  ♦53X 

loco,  an  equiv*t  for,  49s 

Stationery  and  printing,  cost,  U. 

tS.  r'ds  and  sects.,  *x7o-« 

Station,  etc., expenses,  abstract  of« 

as  siffected  by  dist..  906     [xi8 

no.  trains,  568 
Englibh.  898 
Stations,  area,  etc.,  N.  Y.,  ^8x9 
asst.  engs.  at,  ^99 
correciing  (trades  at.  790.801-8 
cost,  N.  Y.  C.  &  H.  R.,  ♦jx 
curve  compens'n  at,  633 
diffic'ties  in  moving,  786 
elevated  r'y,  •559 
effect  on^grade  resist.,  349 

«   ir 


est'd    effect   removing 
grades  at,  519         [towns,  ^64 
and  loco,  design,  475 
and  pass.  tr*ns,  491 
growth  of  towns  to,  71 
large,  switcb-cng.  as  pushers 
neatness  of,  649  [at,  79a 

on  grades,  moving,  803 
on  summits,  and  virtT  prof., 

[803,807 

RULE  POR  LOCATING,  63,  79X  -f- 

virtual  grades  at,  704  79X  4" 
Station  supplies,  cost,  ids.  and 
[sects..  U.  S.,  •X70-9 
Stay-bolu,  wt.,  etc.,  in  boilers, 

[•4XS 
Steam,   expansive   energy    only 

lbs.  per  H.  P.,  av.  loc.,  40 


? 


theoretical,  ^460         l%54 
wt.  and  heat,  various  press, 
wt.  in  loco.  q.v.  boiler,  ^45^ 
Steam-boau,  full  stroke  eng.  for, 

[♦460 
Steam'Chest  and  boi!er  press,  473 
Steam-enRines,cost  and  eff'cy/531 
lead  and  lap,  defin.,470 
perfect,  eff^cy  of,  ^460 
Miss'pi  fiver. ^460  [457 

usef  expansive  energy  ODiy« 
workiiuf  full  stroke,  ^458 
<5/#  Stationary,  Loco.) 
Steam-pipe,  loco.,  size.  ^09 

wt.  aiul  cost.  ^419  4- 
Steam-ports,  losses  by,  470  -f- 
Steam-press.  tmiler  and  effective. 


English,  ^139 


[•479 


H.  U.  due  to  various,  ^450 

little  effect  on  economy,  479 

theoret.  gain  by  higher,  ♦468 

Steam-shovel,  working  with,  cost, 

e      ,      .,  [««c..773 

Steel-rail,  f.v.,  per  cent  of.  sec* 

[tions  U.  S.,  ^88 

Stephenson,  G.,  and  link-motion, 

Steubenville,  O.,  tunnel  at,  940 
Stevens,    A.   J.,  inr.    Mastodon 

loc.,  4*9 
Stiffness,  cost  of  and  wt.  rails, 

[73»f  ♦741 
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Sto-Sur 

Stock  ftod  bonds  p.  mile,  sections, 

[U.  S.,  •107 

fluctuations  in  price,  ^46 

nature  of,  29 

per  mile  r*y  and  head,  U.  S., 

watering,  nature  of,  39     [*88 
Steele  cars,  dimens.,  etc.,  V86-7 
Stopping  and  starting,  7.v.,acci- 
[dents  from,  ^346 

at  grade<ros8ing8,  q.v.^  8>o  ft 


loss  by.  810-13 


[•ao3 


effect  on  car  and  eng.  reps., 
fuel  burned  for,  300 
Stops,  cost  of,  8x0 

heavy  trains,  600 
effect  on  grade  resist.,  346 

virtual  profile,  qv.^  350-a 
no.  of,  Mich.  C.  R.  R.,  136  A 
on  max.  grades,  effect,  633 
on  pusher  grades,  596 
power  lost  oy,  too,  ^yy^ 
time  lost  by,  301,  374,  595 
Stop-watch  and  loco,  tests,  794 

cost,  etc.,  796 
Storage  sidings.  ^ .v.,  *83i 
Stores,  loco.,  q.v.^  cost,  *  147  ft 
Storms  and  structures,  781 

great  ones,  local,  783 
Strategic  advantages,  effect   on 
[rates.  3i8,  341  ft 
Streams,  est^g  fan  of,  840 
grade  lines  over,  803 
mental  map  of.  830  ft 
Street  accidents  and  r*y,  357 
Street  r'ys,  cable,  690 
traffic  of,  N.  Y.,  *^\^ 

per  inhab't,  Vm  [•73974* 
Strength,  cost  of  and  wt.  rails, 
Stroudtey,  Wm.,  loc.  tests  by,  451, 

[460 
Success,  conditions  of,  i,  8,  840  -^ 
Summits,  false,  836 

gravity  r*y  seeks,  693 
ligh,  ascending  to,  925,  943 
may  cost  little,  590 
often  wise  to  go  to,  590 
lowest  safe  speed  at,  353 
normal  types,  680 
leading,  of  world.  *698-i) 

of  Colorado,  696  + 
not    always   control  grades, 

I675- 
not  always  governing  point, 

[670 
passing,  by  cable  tract'n,  889 

KULB   FOR   PASSING,  66o 

store  power  in  train,  693 
station,  q.v.^  on,  and  virtual 
[profile,  q  v.,  805,  807 
Sun,  why  larger  on  horizon,  845 
Sundays   disappearing  from  r*y 

[serv.,  97 
train-work  on,  169 
Superelevation.  398  + 

common  error  as  to,  301 
effect  of,  371 

on  curve  resist.,  398 
on  position  wheels,  300 
on  safety.  ^00 
lateral  force  trom,  398 
on  tang.,  possible  effect,  911 
Surfacing.    (Jy##  Track.)        [4-5 
Surplus,  fluctuations  in,  etc.,  33- 
Surveys,  care  q.v.  in,  and  amt. 
[cur v.,  ^.v.,  656  ft 
compass  lines,  863 


t 


8ur— Tax 

Surveys — Ctntinued, 
field-work  of,  860 
location  line,  866 
no.  successive  lines,  834.  860 
organization  of  party,  867 
paradox  as  to  time  00,  856 
saving  needless  work,  871-9 
should  start  with  no  curve- 

[limit,  654 
when  to  make,  856 

how  to  determine,  857 

Susquehanna,  grades  at,  619 
river,  fall,  841 

Sweden,  popu.,  r'ys,  wealth,  etc., 

[♦a7i.*43*  *45 
rolling-stock  and  traffic,  %^ 
Swing-motion  truck,  q.v.^  dern, 
objection  to,  438         [436 
Switchbacks,  684. 943 

aut.  switches  for,  946 
best  for  great  inclines,  943 
germ  of  true  plan,  945 
good  loc*n  for,  ex.,  68a 
srades  for,  947 
Peruvian,  685-6, 609 
V9.  spirals,  683-4-6 


8wl-T«n 

Switches,  derailing,  8tz 

misplaced,  derailHs  Iron,  a4g 

Switching,  accidents  in,  *S46 
slipping  drivers  in,  446,  j-yf 
terminal  charges  for.  156  ft 

Switching  engines,  descrip.  and 
as  pushers,  600  [use.  4*4 

est  d  av.  prop*n  of,  X56,  i8« 
mileage  ulowance  for,  156 

Switchmen,  at  stations,  791 

Switching  mileage,  how  exagg*d, 

[103 
prop^a  of  Ensriish,  135 
sections,  U.  S. 

Switxerland  locos.,  no.  and  work 
high  loc.  press.,  ^519  [of,  *i6o 
pop'n,  r*ys,  wealth,  etc.,  •37, 

[•45 
Syracuse,  B.  ft  N.  Y.,  alignment 

[statist.,  *3S9 
Syracuse,  Gen.,  etc.,  alignment 

[statist.,  *as9 
*  Systkne  Richenbach,'  690 
Systems  of  r'ya,  all  lines,  parts  of, 

Is* 

great,  of  U.  S.,  ^719 
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Tabor  grade,  ^699 
Talcott,  A.  H  .  ft  Mex.  Ry..  9*9 
Tangent,  breaking  sixty  mile;  663 
desirable  length,  334  [330 

long,  bad  practice  as  to,  334, 
sharp  curves,  q.v.^  lengthen. 
Tank  engines,  434  [641 

as  assist,  eng.,  593 
comparative    power     on 
[grades,  •557-8 
why  advantageous,  554 
(See  Tender.) 
Taunton  Loco.  W'ks,  increase  wt. 
[engs.,  35  y*rs,  %66 
Taxes,  cost  of,  sections  and  r*ds, 

[U.  S.,  •170-9 
as  affected  by  dist.,  ao6 


Tehachapi  accident.  049 
Tenders  (builders*  rule  for  total 
[weight,  3o  lbs.  per  gall,  water.) 
cost  of,  new,  •564-5 

details,  •i5o-t-*-4-5 
and  weights,  •419-4-4 
cost  repr's  of,  det*s,  •143-9 
English,  X44-6 
French,  X47 

p.  c.  cost  of  eng.  r.,  144 
cost  renewals,  146  ft 
due  various  causes,  *903 
for  switching-engs.,  4*4 
life  of,  ^4x9 
tires,  cost  of,  •149       \^^ 

Wn.    AKD     CAF*V,     all    _ 

wheel-base,  all  eag.,  •foj 
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Tel-Tir 

fdcgraph,cost  of,  r'ds  and  sect'ns 

[U.  S.,  'i/o^ 
of  U.  S.,  value,  •as 
offices,     and     improv*(f    old 

[lines,  803 

stations  and  asst.  enf^.,  601 

iTcaiperiiture  and  H.  U.,disiinc'n, 

and  radiation,  31^  1*454 

changes  of,  in  cylinders,  q.v  , 

[376 
effect  on  coeff.  fric,  'sos 
fuel  consump.,  136-7 
train  resistance,  506 
summer  and  winter,  314 
Temporary  lines,  advantages  of, 

ti6,  86,  766 
B.  &  0.,*7oo 
ex.  of  proper  use,  277,  654 
for  light  r  ys,  750 
tags,  g.v.,  in,  624-5 
examp.,  63^-6 
Tennessee:   align't  statist.,  *364; 
area,  popu.,  sidings,  p.  c.  op'g 
ezp.,     earnings    per    mile    and 
head,  *9o;  wealth  per  cap.,  *a6 
Tennessee  pass.  Col..  '700 
Tepetate,  def  n.  683 
Tepic,  location  at,  67^  -4- 
Terminals  (Chap.  XXVI.).  818 
aJlowances     on     rates,    g.v.^ 
and  curvature.  655  [156  & 

expenses,  N.  Y..  etc.,  •819 

European,  837 
for  light  r*ys,  749 

Ifood,  imp'cc  of,  768,  68 
ocat'n   and   cost  oif,  various 
[cities,  68-70,  818-27 
must  be  near  largest  cities,  737 
rel.  no.  of,  on  trunk  lines,  739 
Terre  Haute  &  Ind.  loco,  perf'ce. 

[•438 
Terre  H.  &  S.  E.  align't  stat ,  •261 
Texas:  area,  pop*n,  sidings,  p.  c. 
opg.  exp. .  earnings  per  mile  and 
head.  •90-  wealth  per  cap.,  •26 
Texas  CentM.  align*t  statist., *a65 
Theis  r*y«  Austria,  est.  for  rates 

[on,  198 
Thompson,  J.  £.,  on  incl.  planes. 

Throttle,  loco.,  ^.r.,  effect  of  clos- 

•  on-         u  ,        «  f'"*^'  *73  & 

•Through  '  traflt.,  q.v.,  true  clas- 

effect  dist.  on,  315     [sif'n.  211 

rates,  g.v..,    constant  ratio  to 

[local,  234-6 

Thurston,  R.  H.,  fric.  tests  by,  S04. 

1918  + 
Time  in  seconds  and  speed  trains, 

f795 
Time,  effect  on  car  and  eng.  reps., 

[•203 
loss  of  by  reduc'g  sp'd.  ^95 
kst'c  import  cb  of,  649 
on  curves.  ♦647  -\- 
round  trip  per  day  limit, 

[649 
of  descent  on  grades,  theory 

[of,  634 
Time-tables,  fr't,   how  arranged, 
Tirs.  accidents  from,  •247       [102 
life  of,  430 
maint.  of,  *i49-i- 
mileage  of,  *i49  4- 
price.  Am.  and  Eng.,  ^416 
w*t  and  cost,  ^la-^ 

^2 


Tod-Tra 

Todhuoter*s  math*l  series,  331 
Toledo  grain  recHs,  728 
Ton  (in  this  vol.  2000  lbs.  or*  net,* 
[unless  otherwise  stated.) 
Ton-mile,  cost  increasing  grades, 
^     [g.v.,  per,  •574 
rates,  f.v..  Am.  a  En^.,  ^159 
E.  A.  W.,    through    and 
i^local,  •216  A 
through  and  local,  12  y*rs, 
[C.,  C,  C.  A  I.,  ♦224^5 
15  years,  L.  S.  &  M.  S., 

[•226 
rec'ts,  exp.,  etc.,  large  uble, 

[•115  & 
varying  cost  of,  est*g,  198 
Topographer,  frequent  errors  of, 
needs  practice,  885  [884 

outfit  of,  882  [867 

Topographical    party,  organix'o, 
Topography  (mapping),  873 
colored,  873 

CONCLUSION  AS  TO,  88o 

contours,  o.v.^  873 

dangers  of.  ex.,  881 

double  use  of,  876 

field-sheets  for,  886 

inking  in.  888 

large  scales  best,  884 

plotting,  883 

sh*d  be  taken  in  field,  88a 

takjng  topog.,  881 

over  areas.  684  & 
use  and  abuse  uf ,  873 
*'  (physical    geography),   adapt*g 
[low  grades  to,  665 
I         and  bal.  of  grades,  614 

and  curve  compens'n,  628 
and  transition  curves.  869 
curvature  bunched,  622 
curve  limit  may  be  easy,  655 
effect  insuftic*t  study  of.  583 
effect  on  use  of  curves,  635 
fitting  curve  comp*n  to,  '630 

GENERAL  LAW  AS  TO,  586 

law  of,  as  to  changes  of  level, 
in  easy  countrv.  660  ['588 
mountain  foot-hills,  937 
no  country  difficult.  832.  840 
often  favors  low  grades,  670 
Peruvian.  679 -f 
rnugh,  light  lines  in.  832  & 
Tourist    travel,    ex.    of    irop'ce, 

[6786 
Tower,  B.,   fric.  tests  by,  50^-}-, 

[918 
Towns,  effect  not  running  to,  on 

[rec'U,  49 
effect    of    removing    station 

[from.  64 
growth  of.  *c  stations,  £. p.,  71 
location  of  stations  at,  '64 
moving  to  r'ys,  66 
often  hard  to  approach.  859 
passing  lines  between  two,  67 
passing,  to  save  dist.,  g.v.^  58 
should  be  entered,  16 

RULB   AS  TO,  63 

Track,  accidems  from,  '246 

cost  of,  U.  S.  sections,  *38,i 
labor,  cost  of,  123  [*  170-6 

relation  to  traffic,  123 
as  aff'd  by  curvature,  331 
min.  limit  to,  109 
not  exactly  as  dtst.,  109 
reduction  difficult,  lao 


Traffic 

Track  \9hor—Continutd. 

requirements    for    emer* 

[gencies,  ia6 

vs.  heavy  rails,  758 

maiot'ce,  cost  of,  U.  S.  rds. 

(and  secU.,*iao,*i7o-4 

as  an*d  by  no.  of  trains, 

[569 
radius  of  curves,  639 

rise  and  fall,  381 

wt.  locos.,  561 

relatively  to  other  items, 

[833 
Trackmen  flatten  P.  C.'s,  275 

Track-walking,  cost,  is6 
Traction,  stores  force  in  train,  )4S 
Traction-increaser,  404 
Tractive  force  and  energy,  con- 
[fusion  as  to,  473 
and  H.  P.,  403 
Trade,  universal  law  of,  «5      [733 
Traffic,  additional,  relative  cost, 

anthracite  west,  609 

disproportion  of,  608 

TABLE  or  CRADBS  POB, 

[6ia 
daily  fluctuations,  611 
effect  on  curve  limits,  659 
effect  to  change  cost 
[transp'n,  198 
into  cities,  heavy,  617 

P.  R.   R.,  35  yevSj  ^^^'* 

i*232,  ^ai6ft 
i  W.  trunk 
[lines,  609 
variable  on   same  road, 

[609 -f 
estimating,  95-99 
exchanging,  and    narrow-g., 

export,  grows  relatively  less, 

[61S 

GEOMETRIC  EFFECT  OP  INCHBAS- 

[ING,  708 

getting  all  there  is,  53 
growth  of,  depends  on  facili- 

[ties,  715 
does  not  help  pocM*  linet 

fasi 
effect  on  car  rep*rs,  t6o 
loc.  exp.,  158 
maint.  way,  193-7 
effect  to  reduce  exp.,  ii4« 

(S53 

law  of  growth,  75 

statistics  of  C.,B.  ft  Q»%i%f 
C  C,  C.  ft  I.,  2SO 
C.  ft  N.  W.,  35 
English,  •79,  *i3i^ 
Iowa,  ♦77 
L.  S.  ft  M.  S.,  «98 
Mass..  78 

New  York  City,  •714 
P.  R.   R.,  35  jreais, 

„  [*»40,  •as* 
sections  U.  S.,  *io7-€ 

THEORY  OP  GAIN  BY,  708 
TO    BE    CONSIDRREO     ONLf 
FOR  3  TO  5  YEARS,  8ck  Sf 

when  to  choose  line  for, 

[5S3 
handling  by  trains,  169 

importance  of  increasing,  toy 

increases  with  facilities,  76 

interpolating  way,  effect,  •yif 

not  a  monopoly,  5a 
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Traf-Trtin 

pMS.  p.  c.  local,  through,  etc., 

[•a  15 

gaiB  from  many  trains,  go 

s.  c.  paaa.  and  fr*t.  sections 

[U.  S.,  •181 
f>rop*n  affec*d  by  erades,  576 
regular  and  occas*i  rates,  con- 

[irast,  935 
securing,  the  most  impH  end, 

[193  & 
slight  diffs.,  great  effect  of, 

through  and  local,  confusion 


Sas  to,  an 


triangular  course  ot,  608,  615 
true  classification,  aia 
trunk  line,  a  v.,  rules  for,  731 
unequal,  balance  grades,  ^.r/., 

[for,  608 
table  of,  *6ia 
▼olume  of,  and  cable  trac'n. 

[687 
and  long  inclines.  950 
and  wt.  Iocs.,  567 
estimating  probable,  75 
of  world,  *i6o 
statistics  of,  L.  S.  ft  M. 
[S.,  q.v.^  '99 
P.  R.  R.,^.r.,  etc.,  •a3a 
A'nlBc-poinu,  and  branches,  714 
dist.  betw'n,  efT't  on  earn^, 

CAIN  BY  MORK,  7o8  [709 

great  and  small,  diff.  in  grth 

has 
Train  accidents,  ^.r.,  causes,  *a46 
Train  expenses,  amt ,  133,  *x7o-9 

definiiion,  117 
Train-load.  Am.  and  foreign,  575 
and  fuel  consump.,  134 
as  aff'd  by  car-coupfings,  566 
disprop.  of  traffic,  100 
grades,  q.v.^  536  ft 
aT*ge  frt.  and  pass,  sections, 
[U.  S.,  •ai7,  '97 
and  p.  c.  local,  834 
effect  on  expenses,  560 
fuel  consump.,  *i36 
English  coal  trains,  *i3a 

FOR    ALL    GRADES     AND     LOCS., 

(condensed  table),  593 
frt.,  sections,  U.  S.,  *ii5  ft 
growth  of,  '97,  •oS,  'gg.  •100. 
[♦loi,  •135  ft 
pass.,  U.  S.  and  States.  *97-8 
does  not  regulate  number 
[trains,  96 
less  with  thin  traffic.  99 
p.  c.  changs  duk  to  changs 
[grads,  554-7 
p.  c.  to  wt.  eng.,  all  grades, 

relatiTC.  on  high  grades,  *669 
why  cut  down  in  winter,  508 
Train-mile,    coal     burned,     13c, 

cost,   maint.  way  (>er,  uTs. 
[sections,  *ia8 
cost  of,  av'ge  U.  S.,  ♦179  — 
British,  •79,  •178 
trunk  lines,  34  yrs.,  *ia9 
how  made  low,  *i8i 
on  lines  of  diff.  grades, 
tendency  in,  xi6  [583 

unimportance  of,  187 


Trains 

Train-mile— Ctfii//H«r4/. 

carn'gs  and  ezp.,  U.  S.  r*ds 
[and  sees.,  *i7o-<9,  ^98 
maint.  way,  constant  per,  137 
ratio  of,  to  eng.  mile,  *i45 

TSAIN  RBSISTANCS,  49a 

air,  f.v.,  amt.,  911  ft 

as  affected  by  gauge,  753 
temperature,  508  — 
virtual  profile,  f  .v.,  346 

axle,  effect  size  of,  513 

freight,  496 

CONCLUSIONS,  50a 

main  elements,  pro 
recent  decrease  m,  504, 515 
summer  and  winter,  503-0 
grade  of  repose,  ^.r.,  def:,  341 
bead  q.v,  resistance,  539  — 
locomotive,  ^.9.,  530  [918 

lubrication,  import,  of.  500  -f« 
oscillation  and  concuss  n,  911 
passenger,  5x8  4- 
surtin^,  q.v.^  'sia,  •519 
subdivisiuns  of,  493 

TABLB  OF  CONCLUSIONS,  ^594 

tests  as  to,  •465,  ^498  -f,  •909  ft 
velocity  resist.,  493.  517-6 
wheel,  effect  sixe  of,  513 
Train  rules,  and  imp't  old  lines. 

Trains,  breaking  in  two.  358,  488 
centre  of  gravity  in  sags,  ^. v., 

descending  grades,  vel.   ot, 

[•37a 
fastest,  Engl,  and  Am.,  '539 
handling  luavy,  easier  here- 

[af  ter.  488 
frt  speeds  to  be  higher, 

[488,804 

safe  assumptions  as  to, 

on  old  lines.  788  [370 

length  of,  and  vertical  curves, 

[^.r.,  364 
and  crossing  stops,  8xa 
and  curve  comp  n,  634 
effect  on  curve  resist.,  301 
shorter  in  winter,  315 
making  up,  effect  on  loc.  and 
[car  rep'rs,  *ao3 
yard -room  for.  *8ai  ft 
motion  of,  and  Newton*s  ist 

J  law,  349 
le,  f.r., 

[346 
effect  of  speed,  q.v.^  on, 

[33  > 
00.  of,  cost  increasing,  same 

[traffic.  568 
effect  on  rev..  568  ['574 
for  same  traffic,  all  grades, 

VALUB    OF    AVOIDING     IN- 
.        .  [CRBASB,  574 

overturning  by  centrif.  f..  370 
pASB.,  effect  grades  on.  577 

growing  wt.  of,  effect,  491 
reason  for,  567 

wt  of  fast  tr*ns.  510 
per  day,  always  inearis  each 

[way.  97 

best  basis  for  est*g,  95 

elev.  r'y8»  646 

Philad*a,69    r' 

U.  S.  and  Sr 
rights  of,  774 
■peed,  f  .r.,  of 


Tra— Tru 


wt  of,  as  affected  by  _ 

[540  ^,  -  j< 

loogubleof,  •544l«iB 

p.  c.  wt  eog..  all  gradOL 

Train  sapplics,  cost  of,  rds.  and 

[seciB.  U.  S.,  •170-9 


Train  wages,  q.v.^  s6t 

as  affected  by  distance,  *o6 

length  trains,  «^ 
cost  of.  Chicago  rds.,  *x74-6 
■ectioos  iT.  S..  •iTo-^ 
trunk  lines,  *x7»-6 
mode  of  fixing,  905 
Transfer  side  tracla,  q.v.^%x  [8M 
Transit,  gr^Aduatii.g  compaas  of, 

VM  compass  lines,  863 
Transition  curves,  869 

examples  of  use,  870  -f-,  tfi^ 
projecting,  891 
reasons  for,  375 
Transit  party,  organiz'n,  867 
Transit  work,  860  -i- 

doing,  by  bearings,  888 
Transportation    expenses,    eost. 
[Chicago  rds.,  •sta-o 
sections  U.  S..  *17ohS 
trunk  hues,  ^179-6 
manufacture  of,  48 
Trautwine's  pocket-book,  331 
on  kindling  fires.  *9oo 
Trestles,  iron,  design  of,  000 
ht.,  small  effect  of,  90s 
prelim*ry  esi's  of,  900 
wt.  of,  001 
wood,  cost  of,  and  grading: 

i7Sr 

cluster  bent,  900 

design  of,  899,  770 
floor  fur,  Qoo 
00  light  r'ys,  734 
plan  for.  770 
proper  use  of,  754,  Tdl 
prelim,  est  s  of.  899 
rerailing  guard  for.  900 
Triangular  course  of  traffic,  6tS'l 
tnpB  of  cars,  608     [341.  sif -r 
Triangle,  right-angleoT  soivina. 
Tributary  valleys,  f.r..  good  oa^ 
Trieste  r  y,  prodle.  698     [fcr,  68s 
Trucks,  accidents  from.  ^946 
Am.  origin  of,  431 
Bissell,  496-30 

frt   car,  cost  and  defwcc*!^ 
[items,  •X63,  •sos 
dimens.  and  wt.,  •163,  *'4li 
loco.,  need  for,  435 

Eny,  496 
nics  of  rolling,  sSi,  4ss 
pass,  car,  dimens..  etc.,  491 
position  taken  on  curve,  b8s 
swing  motion,  objection  ta 

Trunk   lines   and  branch  Lmn^ 
bal.  grades  on.  618  (708 

comparative  earnings.  737 
competitive  and  non-compw, 

[7»8,  7Bf 

CONDITIONS  OF  SUCCSXS,  731 

curves  on,  lost  time  by.  648  ft 
fall  of  rates  on.  so  y*rs,  *7b6  db 
good  conditionpajrs.  976 
lcn|rths  of.  to  Cnicago,  s^ 
maint  can  exp.,  34  y'rs,  •xsg 
OMlnt  locos,  exp.,  347*11,  ^isf 
■niiit.wsjczp.,34r*m,  •Mg 
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Tru-Uni 

mUt»  and  earnings,  14  U.  S., 
0!»'g  exp.    and  traffic  detMs. 

[♦17a 
p   c.  opg.    ezp.,  law  as   to, 

[109-10 
effect  rates  on,  aao 
tidings,  law  as  to,  835 
termini, y.v.,  reached  by,  739 

N.  Y.,eic.,  818 
ton-mile  rec'ts,  etc.,  *if5 
traffic,  daily  fluct'ns  in,  6is 

changes  in,  609 
train-l'd  and  growth,  *xoo 
train-mile,  cost,  *ii6 
use  too  light  rails,  760      [^304 
Trusses.  fr'*-car,  cost  and  depr*n, 
Tubes,  loco.,  ^.r.,  life  of,  '430 
Tunnels,  spiral.  671  -f-*  679, 684,  700 
unnecessary,  343 
wrong  use  of,  ex.,  667 
Turkey,  pop'n,  r*ys,  wealth,  etc., 

[•37.  '45 
Tutor,  natural  end  of,  and  culv'tsi, 

[781 
Tyrone  &  Clearfield  grades,  '700 

Uetliberg  r*y,  impercep.  slip  tests. 

Ulster  &  Del.  align*t  statist.,  *as9 
*  Uncle  Dick  *  consol'n  loco.,  w  t, 

[etc.,  431 
Undergrowth,  deceptive  effect  of. 

[836 
from  clearing  up  do.,  850 
Undulating  crai<Jes,  f.v.,  &  imp'g 

[old  roads,  799 
curves  eqtjiv't  to,  633  — 
eliminated  by  speed,  347 
error  as  to,  339 
putting  into  narness,  693 
Unearned  increment.  33 
Unfamiliar,  eye  deceived  by,  843+ 
Union  Pacific,  align't  statist., *365 
cost  loco,  rep'rs,  143 
flucts.  in  stock,  '46 
miles  and  earn'gs,  '719 
handling  trains  on,  355 
spiral  on.  680  -|- 
United   Kingdom :    progress    r*y 
con.itr.,*44;  pop'n,  r'ys,  wealth, 
etc..  •37,  ^43.  *4s;  rolling-stock, 
traffic,  etc  ,  '43 

(.9//  Great  Biitain.) 
United  R.  R.  N.  J  ,  trains  &  fuel 

[consump..  *i38 
United  States,  cost  r'ys.  etc..  '45 
future  r'y  construc'n.  ^i 
growth  of  r'ys,  ♦42-4  [fr*t, '97 
haul  and  train-l'd.  etc.,  pass.  & 
locos  ,  cost  and  miles  per  y'r. 
miles  per  year,  '97     [•159 
no.  and  work  of.  'ifo 
main     results      op'n       r'y<t, 

[1871-85.  *94 
00.  trains  per  day,  etc.,  '97 
opg.  exp.  and    traffic  details. 

^* 1 70-76 
r*y  statists,  by  sects.,  *88  & 
rates,  ^  v..  of  r'y  diviMs,  ^x 
ton-milcs  per  car.  '97 
Vain-load,  etc  ,  '97 
wealth  of,  •35-78 

by  States.  '36  [tries,  •37 
comp.  with  other  coun- 
pop  n,  cost  r*ys,  etc.,  *97 


Unl-VIr 

Unloading  plough,  use  of,  ttsCmo 
Unnecessary  require*ts,  loss  by, 
Utah :  area,  pop'n.  sidings,  p.  c. 
opg.  exp.,  earnings  per  mile  and 
head,  *oo;  wealth  per  cap.,  *a6 
Utah  &  No.,  align't  statikt.,  ^965 
Uiica  ft  BUk  R.,  align't  statist., 

[•959 
Utica,  Ith.  ft  Bl.,  align*t  sutist., 

[•959 

Vacuum  brakes,  f.v.,  max.  cff^y, 

[495 
Valley  lines  and  inundations,  783 

and  overlaps,  848 

descend  into  ag^st  slope,  689 

ex.  of  line  in,  693 

gain  by  following,  586 

high-water  in,  850 

Nature  makes  fills,  850 

penetrate  far  into  mis,  586 

recon'tring,  errors  in,  844 -|- 

rough  foot  travel,  848,  850, 855 

tributary,  use  of,  689 

undergrowth,  etc.,  8^6 

Valuation  of  States,  tout  and  per 

[cap.,  •96 

Valve-gear,  loco.,  f .v.,  458 

Velocity  acquired  on  grades,  ^379 

and  work,  interconvert ,  ex., 

[34> 
composition  of,  ex.,  987 

due  to  any  h*t,  ^^33 

effect  of,  on  grades,  ^.9.,  703 

effect  on  train  f  .v.  resist.,  346 

law  of,  and  trams,  331 

Velocity  train  ^.v.  resistance,  5x7 

tests  of,  910 

Velocity-head,  defn,  333-5 

and  brakes,  ^.r.,  494 

computations  by,  357  ±, 

[5*9 
due  to  all  speeds,  ^333-5 

Vera  Cruz,  Jalapa  g.v.  line  from 

I925 
Vermont:  area,  popu.,  sidings,  p. 
c.  opg.  exp.,  earnings  per  mile 
andfhead,  *9o;  wealth  percap., 
•36 
Vernier,  graduating,  888 
Vertical   curves,  deviation  from 
[intersec.  grades,  '388 
effect  close  coupler,  365 
need  for,  363 
rationale.  360 
rules  for  projecting,  385 
safe  rule  tor,  365 
TO  LAY  oirr,  387 
*  Vertical  plane  *  couplers,  489 
Viaduct.  Baranca  Blanca,  678 
estimating,  900 
indicating  on  profile,  934 
two-story,  683-4 
weights  nf.  901 
Victoria,  rolling-stock  per  mile, 

[•47 
Vignoles,  C.  B.,  on  minor  details, 

ti87 

Virginia:  alignment  statist.,  '363; 

area.  popu..  sidings,  p.  c.  opg. 

exp's,    earnings  per  mile  and 

head.  ♦90;  wealth  per  cap.,  •96 

Virginia  ft  Truckee,  align*t  sta- 

[tist.,  *265 
Virginia   Central,  sharp   temp*y 
[r«»nraa,*yj 


VIr-Way 

Virtual  profile,  346,  799  [70a 

and  cent.  grav.  of  train, 
and  curve  comp*n,  691  4- 
as  aff*d  by  length  grade, 

[704 
by  stops,  359 
cautions  as  to,  353 
down  grade,  g.v.^  369 
effect  on  pusher  graact,59# 
ex.  of  use.  631,  701 
frt.,  computing,  359    [353 
need  not  be  coniinuout, 
of  long  grade,  355 
of    old    lines,    constr*|^ 

[794-* 
on  switchbacks,  948 

pass.,  computing.  347  •4' 

summit  speeds,  80s,  807 

Visible  defects  most  dreaded,  94s 

Von  Ntfrdling,  W.,  est.  of  cost 

[iransp'n,  198 

Von  Weber,  on  curve  resist.,  307 

Wabash,  St    L.  ft  P.,   financial 

[status,  41 
miles  and  earnings,  ^7x9 
Wages,  American,  X43,  170-9 
Amer.  and  English,  *4X7 
as  aff 'd  by  pusher  engines,  671 

by  rise  and  fall,  381 
engine,  past  tendency  of,  zf6 
Bnglibh,  *i3i 

shop,  English  and  Amcr.,*x5i 
train,  x68,  905 
train  and  telegraph,  803 
Wasen,  spirals  at,  673 
Washing  out  boilers,  7.9  ,  *490 
Washington  Terr. :  area,  popa., 
sidings,  p.  c.  opg.  exp.,  cam 
ings  per  mile   and    head,  ^90; 
wealth  per  cap.,  *96 
Washouts,  acciaents  from,  ^7 
and  structures,  789 
and  valley  lines,  783 
derailments  from,  345         [to 
Waste,  avoidance  of,  benefits  all. 
Watchmen,  loco.,  co.st  of,  '147 
Water,  amt.  used  per  mile,  ^5x9  ft 
distances  across,  est*g,  845 
entrained.  •456,  •470  -f* 
pouble,  etc.,  purity,  '378 
Water-courses,    mental  map  of, 

[836  ft 
'  Water-falls '  of  lava,  998 
Water-grate,  wt.,  etc.,  •4x3 
Watering  stock,  39 
Water-power.  U.  S..  rep*t  on,  841 
value  of.  *3S 
in  Mexico,  678 
Waier-scoop,  cost  new,  ^151 
Water  supply.  loco.,  amt.  U8ed,x5l 
cost  of,  147,  170-9 
cost  and  disirib.  of,  xjifi 
in     loco.      g.v.     boilers, 
quality,  •378  [Nm-* 

effect  on  fire-box,  ^490 
Water-tanks,  spacing  of,  156  [893 
Water-ways,     grade-lines    over, 
Way*freignt  and  grades,  577 

av.  load,  etc.,  sox  [of,  34 
towns,  competing  for  trame 
traffic,  and  curvature,  S49 

BrPBCT  ON  XBVBNUB,  708 

securing  by  distance,  937 

BULB  AS  TO,  938 

ex.  of  error,  998 


980 


INDEX. 


Wea-Wes 

Wealth  of  all  nations,  *vi 
of  U.  S.,  ♦aj 

per  capita,  *a6 

U.  S.  States,  •ae 

growth  of,  a6-7  [as7 

does  not  help  poor  lines, 

per  bead,  U.  S.  by  States,  *a6 

Weber^  Von.  maint.  way  tests,  4as 

train-resist,  formula,  517 
West  Alabama,  loco,  perlorm'ce, 

[*439 

Western  &  AtPc,  car  repairs  on, 

[full  details,  *i6x-a-3-4 

Western  Pa.,  alignH  statist.,  *a6o 

Western  States,  alien 't   statist., 

[•a63 
bad  location  in,  6,  ax,  330, 588, 

[660 
bonds  and  stock  per  mile,  '107 
compar've  accidents  in,  asa 
curvature  in,  363 
earnini^s  per  m.,  *io7 
distrib'n  of,  ♦108  [♦331 

freight  earn.,  thro*  and  local, 
grade  and  curve  limits  in,  6, 
Ta'i  330,  588,  656 
grade-crossings  in,  809 
growth  r'y  system,  '44 
heavy  grades  in,  *a63 
main  results  op*n,  '93 
rec*ts  per  inhab't,  pass,  and 


[frt., 


•104-S 


rolling  Slopes  in,  844 
rollinfiT-stock  per  mile,  47 
train-load  and  haul,  frt.  and 

[pass.,  •ai7 

f growth,  •101 
ih  per  cap.,  a6 
West  Md.,  loco  perfce,  '439 
West  Shore  r*y.,  an  example  of 
[wrong  judgment,  707 
bridges,  specif'ns  for,  903 

weights  of,  767 
double-track  on,  7(66 


Wet- Woo 

West  Shore  r  y—Continutd. 
history  and  cause  failure,  794 
locos,  and  Howard  Fry,  ^409 
dimens'ns,  etc.,  ^407-9 
load  on  drivers  per  sq.  ft. 
[grate,  *45a 
sidings,  total,  *Z^\ 
stand^d  box- car,  *486 
termU  exp.,  etc.,  N.  Y.,  *8i9 
track  Buffalo  yd.,  *8ai 
Wetherill,  W.  C,  report  to,  941 
Westinghouse   brake,  g  v.,  max. 

[effic'y,  495 
Westinghouse,   G.,     exp'ts     on 

[brakes,  434 
Wheat  rate,  effect  long  haul  on, 

[710 
Wheel-base  and  curve  resisL,  306 
loco.,  f .v.,  all  types,  *407-4io 
long,  effect  on  wheels,  a83 
position  of   trucks,  f.v.,   on 
[curves,  f .v.,  a8a 
Wheel  covers,  loco.,  *^\i 
Wheels,    ^ee  Car  Wheels,  etc.) 
Whims,  affecting  traffic,  53-3 
Whinery,  C,  paper  by,  3a6 
Whistle,  loco,  cost,  *4ia 
Wilmington     and     No.,    align^t 

[statist.,  *a6o 
Wimmer,  S.,  ft  Mex.  r*y,9a9 
Winans,   R.    M.,   invented  Am. 

[car,  4ai 
Wind,  accidents  from,  *a47 
and  bridges,  903 
Tel.  of,  and  train  tests,  798 
Wire-drawing,  loco.,  q.v.^  470  •4' 
Wisconsin:  suign^t  statist.,  *a63; 
area,  popu.,  sidings,  p.  c.  opjr 
exp.,  earnings    per    mile    and 
head,  *9o:  wealtn  per  cap,  *a6 
Wisconsin  Cent., train-Id.  growth. 
Wood  as  fuel,  139  [*iox 

for  kindling,  amt.,  *aoo 
H.  (J.  in,  %90 


Woo— Zam 

Wood,  early  exp*u  by,  on  aaii» 

[sion,443 
Woodbury,  C.  J.  H.,  fric.  tesu  b^. 

504 -r- 
Wooden  structures,  right  use  o«, 

„,    .  .  l»*»  754. 76J 

Work  and  force.  338,  455 

Work  and  vel.,  interconvert,  ei., 

u       ^  ^  [343.403 

how  destroyed,  33a 

how  expressed,  338 
World,  popu.,  r'ys,  wealth,  etc^ 

,  •    L*»7»*43.NS 
r*y  system  of,  •43-5 
rel.  traffic  of,*  160 
wealth  of,  *a7 
Wurtemberg,  cost  r*y8,  :tc.,  %s 
Wyoming:  area,   popu.,  sidingi, 
p.  c.  op*gexp.,earnings  per  mile 
and  head,  '90;  wealth  per  cap^ 

Y  on  Bait.  &  O.,  ara 
Yards  of  cloth,  selling  less,  49 
Yards,  asst.  ei'igs  ^.v.,  at.  509 
claiises  of  sidings  for,  'Ssi 

Greatest  in  world,  82a 
f.  Y.  terminals,  q.v.^  ^819 
N   Y.  vs.  Buffalo,  823 
often  near  bad  grades,  600 
opeiatini;  of.  810 
slipping  drivers  in,  797 
sunding  idle  in,  cost,  603 
Yard- work,  effect  on  loc.  and  car 

rep*rs,  ♦903 
Youghiogheny  r'y,  lo«>.  perTce, 

•43i 


Zacatecas,  long 


at,  «7oo 


tgflnrade 
Zangronez,  R.,  &  Jalapa  line,  930 
Zero  temperatures  and   d3rnMii. 

[tests,  S08 
Zigzag  developments,  def.,  678 

example  of,  93a 
Zimillhuacan,  barranca  of,  949 
Zamora,  location  at,  jaa 
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